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Inbred lines of maize (Zea mays L,) are currently used 
in the production of com hybrids in the United States, The 
repeatability of a constant genotype from generation to genera­
tion has been the primary criterion for the usage of inbred 
lines. Studies by Russell, Sprague, and Penny (1963) and 
Sprague, Russell, and Penny (i960) have indicated that there 
may be considerable changes of quantitatively inherited char­
acters in a relatively few generations of long-time inbred 
lines and doubled monoploids of maize. The most frequently 
proposed causes of heritable variation in these and other 
studies have been mutation and residual heterozygosity. If 
this variation is the usual situation in inbred lines of maize, 
then it is likely that Important genetic differences exist 
among stocks of an Inbred that have been maintained separately 
by producers over a period of several years. 
A large percentage of the inbred lines available to hy­
brid corn producers in the Corn Belt have been developed by 
public institutions through several generations of selection 
and selfing. Their distribution has been liberal and wide­
spread. Currently, hybrid corn seed producers either maintain 
their own Inbred seed or obtain seed from a seed stock organi­
zation. The method of maintenance is generally by controlled 
self- or sib-pollination and seed is bulked for all ears. 
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The natural environment and Inbred maintenance systems 
are known to vary among Corn Belt seed stock sources. Corn 
breeders, who have maintained inbreds, have long been conscious 
of observable mutations in their stocks, such as albino seed­
lings, However, more subtle mutations with small effects on 
quantitative characters have been more difficult for breeders 
to recognize. Thus, diverging genotypes may have been re­
tained unknowningly as inbred seed stocks. The foregoing 
reasoning may explain why some hybrid com producers have 
claimed that there are source differences prevalent among the 
inbreds and single crosses which they have used. 
The existence of heritable variation within an inbred 
line raises several important points. If there are differences 
among sublines of an inbred line, the performance of a hybrid 
of a certain pedigree will depend upon the source of the foun­
dation seed stock. Perhaps favorable changes, such as in­
creased seed yield, can be expected in an inbred line after it 
is released by the originating station, Male fertility re­
storer versions will be an additional source of variation among 
sublines. The method of inbred line maintenance is regarded 
as another way in which sublines may become genetically diver­
gent, Thus, it seems probable that, if a large amount of var­
iation exists among sources of an inbred line, currently main­
tained versions of prominent lines should be compared at 
intervals with appropriate controls. 
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The purpose of this study was to determine If genetic 
differences exist among sublines of six elite Com Belt In-
breds, namely B14, Bj)?, CI03, Ml4, Oh43, and Wf9. The basis 
of the sublines, which included pollen-restorer and non-
restorer versions of all except B37 and Wf9, was seed obtained 
from four foundation seed stock organizations and the Iowa 
State University. Genetic differences among sublines were 
determined by performance of sublines per se. subline x sub­
line crosses, testcrosses of sublines with unrelated testers, 
and double-cross hybrids. 
REVIEW OP LITERATURE 
Heritable variation within corn inbreds has been ascribed 
to several causes. Mutation and residual heterozygosity have 
been suggested as the most probable reasons. Recent research 
lends substantiation to these reports and provi'des new pos­
sibilities for speculation. Literature cited will Include 
reviews in the general areas of mutation, residual hetero­
zygosity, inbred line maintenance, vigor of Fj_ subline crosses 
or intra-varietal hybrids, male-fertility restorer factor in­
corporation, and testcross performance. 
Mutations are sudden heritable changes in an orjganism 
whereby progeny may exhibit altered size, form, or composition, 
^hey may involve gross changes in clrro^iosome quantity or 
structure, or in other instances, be specific chemical changes 
in genes. Corn has been the chief subject among crop plants 
for mutation studies. Only in recent years, however, has there 
been much mention in the literature of mutations of quantita­
tively inherited traits, 
Stadler (1Q^2) found in maize that the mutation rate for 
seven genes, with observable effects, ranged from 0 to <0 muta­
tions per 100,000 p-ametes tested per locus. Crow used 
Drosophila data to obtain an estimate of 3,-00 genes for the 
maize genome. 
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Recently, Herskowitz (19^5) discusser! mutation in 
bacteriophage, and sur^ested that there are 2,5^- recombina­
tion units and 200,oon linearly-arranged nucleotides in this 
microorganism, '^he rll region contains about 2,non linearly-
arranged nucleotides. Benzer (1955, 19(^2) found more than 
3,000 spontaneously-occurring rll mutants at more than 300 
different sites in the rll replon. In maize, Nelson (1959) 
demonstrated at least five separable elements in the waxy 
locus. The maize data are not as ertensive as those for 
microorganisms, but the wa^ry locus serves to Illustrate that 
the functional unit is composed of subunits which are separable 
by recombination. 
Watson and Crick (1.953) suggest"^, a mechanism for the 
origin of spontaneous mutations. Faithful reproduction of DNA 
can be altered if there is a change in specificity of hydrogen 
bonding between paired bases of the DMA molecule (tautomeric 
shift). Meanwhile, 3enzer (1955) designated the muton as the 
smallest genetic element, alteration of which could be effec­
tive in causing mutation. gTie muton was assumed to be no 
longer than one or two nucleotide pairs in T14, phage. Several 
hypotheses are now in the literature concerning spontaneous 
mutation at the nucleotide and sub-nucleotide level. Maize 
has 904- total observed crossover units in the genome according 
to Bhoades (1950), thus the maize genome, no doubt, contains 
a minimum of several hundred thousand nucleotides. From the 
evidence presented it can be hypothesized that there are many 
sites for spontaneous mutation at the nucleotide and sub-
nucleotide level in maize. 
Freese and Yoshida (19^5) have recently discussed the 
role of mutations in evolution. Different types of base pair 
mutations (intragenic) were discussed with transitions being 
considered the most predominant in evolution of DNA. Of con­
cern to plant breeders, the authors said, "It seems clear that 
the change in base composition of DNÀ did not occur suddenly, 
but by consecutive alterations of individual bases. Single 
base pair changes occur much more frequently than large altera­
tions. The relative mutation rates of different DMA sites 
probably are nearly independent of the environment of the cell. 
Conversely, Laughnan (I961) said that it has been apparent 
for some time that extragenic (external to the gene, but 
chromosomal) events have made up a considerable portion of the 
occurrences we call mutations. As increasing numbers of muta­
tions are resolved as extragenic events, the classic gene 
mutation appears more and more to be an elusive phenomenon, 
and some even doubt its validity as a biological concept. 
Evidence was presented that serial duplications on a chromosome 
might pair with each other to form a double-loop configuration. 
Crossing over in the loop (intra-chromosomally) can then pro­
duce events similar to mutations. This phenomenon seems to be 
existent also in Drosophila. This represents only one of the 
many types of extrap^nic events which have been reported. 
Giistafsson and Nybom (195^) presented a different concept 
of mutation than that of Preese and Yoshida (I965). Gustafsson 
and Nybom (195^) said, "Many striking rnorpholoc'ical and phys­
iological mutants are remarkably good from a viability point of 
view, With this definite result as a background we adhere to 
the veiw that evolutionary changes may take place in nature, 
too, by means of abrupt mutations, altering the morphological 
and physiological reactions step by step, or what appears to 
be more probable, by means of drastic changes combined with 
small mutations, each of which does not markedly influence 
appearance and behavior. Drastic mutants do occur. Some are 
remarkably vital. This is the actual state of things." 
Drastic changes were found in flower structure, spikelets, 
grain, straw, maturity, height, and leaf size. 
Rhoades (1955) indicated that studies in many races of 
maize have yielded no evidence that gross chromosomal rear­
rangements have accompanied gene mutations in the evolution 
of maize. However, there is some indication of differences 
between races being caused by small chromosomal rearrangements. 
Gustafsson (19^7) arbitrarily divided barley mutants into 
either morphological (qualitative) or physiological mutants. 
Physiological mutants can be distinguished from the standard 
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plant types only in properties relating to earliness, tiller­
ing capacity, and other quantitatively controlled character­
istics. 
Using mice and human data, Muller (1955) estimated the 
chance of any human gene undergoing a mutation of a given type 
as being one in ^ 0,000 to one in 100,000 per generation. Stu­
dies in Drosophila showed that for every mutation of a given 
type there are at least 10,000 times as many other mutations 
occurring. Since man is probably as complet: as Drosophila, 
Muller expected that at least every tenth egg or sperm has a 
newly arisen mutant gene. 
After studying a strain of mice which had been full-
sibbed 40 generations, Deol et al. (1957) found that the num­
ber of changes detected was considerably higher than expected. 
They concluded that these changes could be explained only by 
mutation. Very few, or none, of the observed genetic changes 
could be due to residual heterozygosity because many genera­
tions of brother-sister matings were involved before the strain 
was split into sublines. Carpenter et (1957) believed also 
that genetic differences among sublines of mice were due pri­
marily to mutations. Since they indicated that the rate of 
approach to homozygosity may be reduced considerably by the 
selective advantage of certain heterozygotes, at least part of 
of the variation observed could possibly be due to relic 
heterozygosity. McLaren and Michie (1955) in. another study of 
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mice concluded that the large numbers of genetic changes of 
quantitative characters may have been caused by persistence 
of heterozygosity because of Inferior viability and fecundity 
of homozygous genotypes, and to a lower mutation rate for 
genes with major effects than for genes with minor effects, 
Mukal (1964) estimated the spontaneous mutation rate of 
polygenes controlling viability in Drosophila melanogaster L. 
These spontaneous mutations affecting viability were accumu­
lated under minimum selection pressure in 104 second chromo­
somes that originated from a single chromosome of an isogenic 
line. Mukal concluded from this study that natural popula­
tions have been supplied with a large amount of genetic varia­
tion of spontaneous polygenic viability mutations whose in­
dividual effects are small. 
Jones (1924) studied heritable variations in long-time 
inbred lines of com, lie selfed four strains of corn for eight 
generations and separated each of these strains into two paired 
lines which were further selfed for eight or nine generations. 
After 16 generations of self-fertilization, heritable varia­
tions were found for some quantitative characters in all paired 
lines with one particular line differing significantly in all 
characters measured. He noted that plants may be uniform for 
the readily observable characters, but may not be uniform for 
quantitative characters. Jones considered the heritable varia­
tion to be due to the presence of heterozygosity in the eighth 
generation when the paired lines had been separated. 
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Later, Jones (19^5) reported six recessive variations, 
classed as degenerative changes, which appeared in five inbred 
lines of maize. He referred to a specific instance where the 
narrow-leaf variation originated in an inbred of Lancaster 
Surecrop (C.I. 4-8) that had been self-pollinated for more 
than ten generations. The comparisons of this narrow-leaf (C.I. 
4-8) line with the same line obtained from the Illinois Exper­
imental Station indicated that the two lines differed signifi­
cantly in plant height and the date of silking. This showed 
that some of the heritable variation may have occurred during 
the many years that the two lines had been separated. Jones 
thought that the heritable variations for leaf width, and also 
for plant height and date of silking, were due to single genes. 
However, in a more recent publication (1952) he revealed that 
the changes were not a result of single genes. 
Schuler (1954) obtained inbred lines of com that pos­
sessed naturally-occurring, qualitative mutations. Each mutant 
line was crossed with its corresponding parental line, and the 
was either selfed or backcrossed to the homozygous recessive 
stock which resulted in recovered homozygous, recessive-mutant 
types. When recovered homozygous recessive lines were compared 
with the original recessive stocks, the two members of isogenic 
lines differed by more than the loci under question. Schuler 
said, "The source of this new additional variability may be 
new mutations arising during the generations of selfing or 
11 
sibbing; following the discovery of the mutant or it may be 
relic heterozygosity present in the inbred line at the time 
the mutation occurred," 
Go ton (1959) studied the variation of tassel branch num­
ber in both lon&-time inbred lines and doubled haploid lines 
of corn. He found considerable phenotypic variation in both 
types of inbred lines and attributed the self-regulation 
ability within an inbred line as the reason for differences in 
variance. Little mention was made of mutation or residual 
heterozygosity, but he concluded that phenotypic variation of 
inbred lines is an inherent characteristic. 
Sprague, Russell, and Penny (i960) used-doubled monoploid 
lines of corn to study the mutation rate of quantitatively in­
herited characters. Quantitative characters were measured in 
sublines that had been developed from single sublines in a 
hierarchial design. From the differences detected among sub­
lines originating from a single, doubled-monoploid plant, 
they obtained a mutation rate of six mutations per attribute 
per 100 gametes tested. When the possibility of a single gene 
controlling more than one character, pleiotropism, was con­
sidered, the mutation rate was reduced about 25 percent to 4.5 
mutations per attribute per 100 gametes tested. There was no 
proof of pleiotropism in this study; however, the more con­
servative rate seemed to be the more desirable. Residual 
heterozygosity could not be a causal factor for the relatively 
high estimated mutation rate, but it; was suggested that the 
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monoploid condition might be a contributing factor to the 
relatively high estimate. The results of this study Indicated 
that the mutation rate in corn may be greater than the sug-
gested figure, 10"-5, or that the number of loci is substan­
tially greater than the previous estimate of 5»000, 
Russell, Sprague, and Penny (1963) measured the mutation 
rate of quantitative characters in six long-time inbred lines 
of corn. Sublines of each inbred were developed'in a dlcho-
tomous scheme where all sublines in each line traced back to 
one inbred ear. Considering plelotroplsm, an over-all muta­
tion rate of 2,8 mutations per attribute per 100 gametes 
tested was calculated. As in the previous study, this muta­
tion rate is relatively high when compared to 10""5, In this 
experiment, monoploidy could not have been a cause, whereas, 
residual heterozygosity was possible. Continual selection 
for vigor is used during the maintenance of inbred lines. 
Heterozygosity would persist longer than ejipected if it is 
positively correlated with vigor. However, for heterozygosity 
to be maintained by the selection of vigorous plants, over-
dominance and/or some types of epistasls have to exist, Tcfo 
of the lines that showed the highest rate of mutations in this 
study, Ml4 and 0s420, had been selfed and maintained in ear-
to-row progenies approximately 20 and 30 generations, respec­
tively, before the initiation of this experiment. Conse­
quently, heterozygosity from the original heterozygous 
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genotype (residual heterozygosity) would theoretically be 
expected to contribute little bias to the estimated mutation 
rate. 
Hooker (1955) studied the ability of five long-time in­
bred lines to produce satisfactory seedling stands in Pythium 
infested soil at low temperatures. He found that some selec­
tion within inbred lines was effective for isolating aisease 
tolerant strains, indicating that variability must have been 
present in the inbred lines. There was no speculation as to 
the cause of the variation, but three probable causes could be 
mutation, residual heterozygosity, and method of inbred line 
maintenance. 
Leng (1962) reported on results of selection reversal in 
four closed populations of maize that had undergone selection 
for high and low oil and protein for approximately 5G genera­
tions. 'The rate of change for selection in the reverse direc­
tion occurred as rapidly in each population as was observed in 
the early generations of the original selection experiment. 
Leng stated that the following genetic explanations appeared 
worthy of consideration: 
1. Retention of heterozygosity, either through direct 
favoring of heterozygotes under selection, or by 
indirect selection through superior fitness. 
2. Creation of new genetic variability through outcross­
ing (contamination), mutation, or some other 
mechanism. 
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Leng did not believe that the total variability could be ex­
plained by residual heterozygosity, outcrossing, or mutation, 
but attributed it to some other mechanism. More recent stu­
dies by Bussell e;t al. (19^'3)> Busch and Russell (1964), and 
Fleming, Kozelnicky, and Browne (1964) suggest that more of 
the variability might be due to mutation than previously pro­
posed by Leng. 
A study by Kangelsdorf (1958) concerning the mutagenic 
effect of hybridizing maize and teosinte may substantiate 
Leng*s proposal. Hangelsdorf said, "It is possible that some 
of the mutations occurring in long-inbred lines of maize are 
the result of the transposition of polygene segments originally 
from teosinte." He assumed that there has been some teosinte 
introgression into corn varieties of the United States, Muta­
tions occurred in at least 3.6 percent of the plants and 1,8 
percent of the gametes involved. Kangelsdorf reasons that the 
chromosomes of teosinte are not completely homologous with 
those of maize although the homology may be strong. If a 
teosinte-derived, short region in one chromosome is homologous 
with a "normal maize" region of another chromosome then occa­
sional pairing and crossing over may occur. Interchange be­
tween nonhomologous chromosomes ordinarily results in trans­
locations, but when the interchange is between homologous 
regions of "nonhomologous'"' chromosomes the result is more akin 
to the phenomenon of transposition as found in mutable loci 
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systems, CytoloAlcal observations have noted nonhomologous 
pairing of maize and teosinte-derived chromosomes. 
The mutants found in Manuel sdorf s study were similar to 
those found by Sinrdeton ( 19^-3> 19^-?) and Schiller (195^)-
Singleton (1943, 19^7) crossed a mutant dwarf (C30) of P39 
sweet corn to C13(inbred tester) and obtained new variations 
including gemiless seeds, brittle seeds, and virescent seed­
lings. Similarly, Kangelsdorf•s mutation to a dwarf was fol­
lowed after outcrossing by a series of other mutations. 
Schuler (195^) had also noted similar mutations: narrow leaf, 
male sterile, small seed, and dwarf. Mangelsdorf's proposal 
is very interesting In that it may provide a reason for the 
high mutation rates of quantitative characters found b^r 
Sprague et al, (i960) and Eu s s ell et ( 19^3 ). This pro­
posal may substantiate why Sprague et aJ., (196n) noted a 
higher mutation rate (^f'.5 percent) using double-monoploids 
than Russell et al, (19^3) using long-time Inbred lines (2.8 
percent). The reasoning for the latter speculative statement 
is that the monoploid state In maize Is accompanied by some 
pairing of homologous regions within the genome. Additionally, 
Stadler's (19^2) low mutation rates at individual maize loci 
are more acceptable In light of this proposal. Reports by 
Eu skin s (19^-6) and Morey (19^9), to be reviewed later, concern­
ing mutations In self-pollinated crops, specifically hexaploid 
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oats and wheat, note mutations which have occurref^ as the re­
sult of homoeologous oalrlng and crossing over. 
Rhoades (1^55) stated that the disproportionate distri­
bution of mutant renes amonj the ten chromosomes as well as 
nonhomologous pairing in monoploicl sporocytes is evidence of 
duplicated segments in the architecture of maize rermplasm. 
Eighteen cases of duplicate factor, two of triplicate factor, 
and one of quadruplicate factor inheritance have been found in 
maize with, no doubt, more cases "oresent, 
'^vie Previously reviewed studies s ho w that heritable varia­
tion within Inbred lines is a reality in corn breeding, '^e 
question which arises next is in. rerard to the Importance and 
magnitude of differences of Inbred seed stocks maintained by 
different institutions and organizations. Plemin^' _et al. 
(1.Q6U) studied stocks within six lonr-^ime Inbred lines of maize 
to determine if hereditary variation eziete^ amonr different 
stocks within the same Inbred line. Each of the inbred lines 
was obtained from five or more Southern er;eri.mmnt stations. 
Slgnifioant differences occurred among- stocks of the same long­
time inbreds for all characters except root lodginr. Five out 
of six inbreds under Investigation showed significant varia­
tion among stocks within the respective lines. Miey attributed 
these hereditary variations to relic heterozygosity, mutation, 
and a combination of relic heterozygosity and mutation. 
1? 
Sl-Eryani and Fleming (I966) studied seedlings of four 
stocks of CI7, a lonp'-tine inbred line of maize, "iocheraical 
comparisons were 'mde for total carbohydrates, alcohol soluble 
su:;.:ars, and free amino acids. In general, they concluded that 
the stocks which had agronomic differences in the previous 
study (Fleming et al,, also had biochemical differences 
in this study. 
Gro^an, Sastin, and Palmer (I963) reported that the 
Mississippi selection of the maize inbred G~;112 usually dies 
from recommended application rates of the herbicides, simazin 
and atrazine, The Georgia selection of the same inbred did 
not show the phytotoxic effect. 
Khan (1959) studied the variability of 72 sublines from 
a bulk population of the inbred Bl4 and found that 48 of the 
72 sublines were significantly different from the checks for 
one or more characters, which suggested that genetic changes 
had "occurred, Cochran (1965) compared F^ progenies developed 
from crosses of the sublines selected from Khan's study. In 
most cases, the parental differences of Khan's study were re­
peated in Cochran's study, and definite segregation of the F3 
progenies was observed. 
There have been many reports of heritable variation with­
in inbred lines or self-fertilized varieties of other horti­
cultural and crop species. These species have intra-varietal 
variation which appears to be similar in many respects to the 
heritable variation found in corn inbreds. Causes have been 
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attributed to residual heterozygosity, mutation, and possibly 
a mechanism similar to the transposition of polygene segments 
as mentioned by Mangelsdorf (1955). 
Simpson and Duncan (1953; found very little variation of 
quantitative characters within four cotton varieties which had 
different maintenance histories. The authors stated, "If 
rapid deterioration in a well-bred variety of cotton occurs, 
it is due, most probably, to faults in production and proc­
essing methods." 
Williams (i960) compared the variances of quantitative 
characters within eight tomato inbred lines and Fj hybrids. 
Significant heritable variation of characters existed within 
inbred lines, but there were no significant differences be­
tween inbred lines and their Pj hybrids over the same range 
of environments. However, characteristic levels of vari­
ability of certain parents were found to be transmitted to the 
hybrids. Williams stated, "In self-pollinated crops, 
heterozygotes are dependent only on the rate of mutation," 
Eees (1955) showed a divergence in nuclear phenotypes 
between two sublines taken from an inbred line of rye which 
had been selfed for more than 20 generations. Terminaliza-
tion, interlocking, and proximal chiasmata formation were 
examples of differences between sublines. The explanation of 
this variation was that it was due to either residual hetero­
zygosity of the parent line or mutation. Of additional 
interest, variation was found between inbred lines, and, it 
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was considered to be evidence of genotyplc control of the 
nuclear phenotype. Rees stated that chiasms frequency and 
terminalizatlon differ between inbred lines and are polygeni-
cally controlled. The theory was advanced that, if frequency 
and localization of chlamata are genetically determined, then 
their variation would, influence recombination and the release 
of genetic variability. The same would seem plausible rea­
soning for subline differences. 
Gotoh (1955a) 1955%, 1956, 1957) studied intra-varietal 
differences in wheat and barley varieties obtained from dif­
ferent experiment stations in Japan. Many instances of sig­
nificant variation for characters among strains were noted. 
Heterosis was noted for some characters of some strain crosses 
of barley variety Ho so gara No. 2. Reasons given for variation 
among: strains Included mutations, Irregulaties in the chromo­
some apparatus, and adaptiveness of strains. 
Robertson (1932) observed that single lethal genes in 
four barley varieties also affected measurements of five 
quantitative characters. 
Allard (I960) noted that Atlas barley variety originated 
as a single plant selection. Reselection within this variety 
has not been completely effective in removing plants which 
differ in quantitatively inherited traits. 
Huskins (19^6) made a critical review of the literature 
on the genetics of fatuold, speltoid, and related mutations 
occurring in oats and wheat. He presented strong evidence 
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that the fatuold (false wild oats) and speltoid mutations 
originated from homoeologous chromosome crossovers. Eu skins 
considered it reasonable to expect that such crossovers may 
produce other changes, of which some would be visually unde­
tectable. This supposition was substantiated by Morey (19^9)« 
who investigated the morphological variability in the Clinton 
oat. He found approximately 12 percent off-type plants of 
which tiller bud mutations accounted, for the greatest percent. 
Tiller differences were thought to be due to somatic chromo­
some changes (mutations) which take place in the early onto­
geny of the young tiller bud. Somatic crossing-over between 
semi-homologous chromosomes may have brought about the chromo­
some rearrangements necessary to produce (a) small deletions 
or duplications not cytologically evident, or (b) position 
effects. Some cytological evidence was presented. Clinton 
progenies differed significantly in test weight and yield. 
Four out of 36 families showed significant yield differences 
among strains within families. 
Wallace et al. (1955) found significant differences for 
five of six quantitatively inherited characters among 15 oat 
plants from the variety Pulwin (Avena byzantina). Conversely, 
in the variety Letoria (A. sativa x A. byzantina) there were 
no significant differences among 15 plants for the six char­
acters. "'ne variability in Pulwin may have been due to 
heterogeneity at time of release, mechanical mixture, or 
natural outcrossing. According to Garber and Quisenberry 
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(1927) there is more natural crossing and., thus, more intra-
varietal variability In A. byzantina varieties than in A. 
sativa varieties. Wallace _et al, (1955) also sur r ested that 
the variation in their study may have been due to nonhomo­
logous chromosome crossovers such as those found by Zuskins 
(1946) and Morey (19^9). 
Cofffflan, Parker, and Quisenberry (1925) reported that 
the Burt oat variety, derived from Avena byzantina, was 
extremely variable in plant and seed characters, '"he variety 
Kherson, A. satlva. was reported by Coffman and Stanton (1925) 
to be quite variable for several agronomic characters. Wheat 
and Frey (1961) found no evidence for physiological lines 
x-rithin three oat varieties, accept for one line among 24 
Bonham derived lines. 
Love (1951) found that seven of 19 Brazilian wheat vari­
eties had some plants with low meiotic indices (percentage of 
normal quartets). Their experience indicated that low meiotic 
indices were associated with morphological variation within a 
variety. 
Subline crosses and intra-varietal crosses have been men­
tioned only occasionally in the literature. Subline crosses 
may be used to study hybrid vigor, but these crosses also are 
relevant to the maintenance of inbred lines by sibbing. 
Jones (I9I0) compared progenies from self-fertilized 
plants with those fro? intercrossed plants within the same 
strain. A number of strains were compared in this manner 
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after self-fertilization for seven generations. On the 
average, the crossed, plants gave a slight increase in all 
characters measured. 
Jones (192'v) crossed paireà lines (members of each pair 
had been separated from a single strain after eight genera­
tions of selfing) and compared with hybrids with their 
parents. There were significant increases in so/ae characters 
which had appeared visibly alike in the paired strains. The 
hybrids of the paired lines which differed in many respects 
were significantly greater in all characters, 
Pleaiinr and Kozelnicky (19^5) compared sibbing and self-
ing as methods of maintaining inbred lines. There was a trend 
for sibs to yield more than selfs in material which had pre­
viously been inbred 15 or more generations, Sibs of inbred 
CI7 yielded significantly greater tlmn the CI7 selfs, but none 
of the other individual comparisons, nor the over-all compari­
sons of sibs versus selfs, showed significant differences. 
Sibbing versus selfing was compared also in 82 to 8^ genera­
tions with sibbing showing significantly greater yields in 
each generation except for the 80. However, different inbreds 
were used in each generation, therefore confounding the results, 
Harrington (19^^) made intra-varietal crosses in tliree 
wheat varieties. Significant heterosis was noted in the 
Reliance x Reliance and Apex x Apex intra-varietal crosses, 
but not in the Marquis x Karquis crosses. 
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Peeifual heterozygosity has been proposed as one of the 
primary csiiees of yarlability T-Tifjin inhre^ lines. Allard 
(1.960) presents a fraoh ghowinr that for 1.^0 r.^ene paire, less 
than ^0 percent of the In^ 1 yi^T%als in a oopulation are com-
nletely homozygous after seven renerations of selfinr; beyond 
the Fj , :.'Ialdane ( 1.9?6) has calculated that after 2^ [^nera-
tlons of self-fertilization in naise, all bnt about one plant 
in 2,500 are fully ho.'nozygous, I'e estimated the average length 
of chromosomes ^fhich remained heterozy.^ous in the exceptional 
plants to be 2.5 ^nits. 
Jones (1939) suTmnarifred the effects of continue,-' inbreed-
inr of three maize inbreds for venerations. After the 
fifth ,generation no ei^niflcant change occurred in plant 
heif'ht. Yield continue'"' to decline until -enera^lon 2n. Mo 
significant change took place for yield In th.e last ten ;• en era­
tions. '''he ylel/ tren^ in the last ten generations, however, 
continued doTjnTTard for tro of the three lines, rlth the third 
line sho^ln? more yield variance and a slight uvr-rar'^ trend, 
"'ecause standard errors ^ ere hl^h, there was no certainty that 
the reduction in yield and heirht had come to an end after ?0 
venerations. 
A  proposal relevant to t h i s  study is that variation among 
sublines of a maize inbre^ may be attributed in some cases to 
the Incomplete recovery of the recurrent parent dur in back 
crossing for Introduction of the fertility restoration factor. 
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•Backcrossing is a much used plant breeding tool, and it is 
generally considered tliat the characteristics of the recur­
rent parent are regained almost entirely after backcrossing 
and selecting for approximately seven generations. There is 
some disagreement with this viewpoint in the literature. 
Stephens (I96I) and Rhoades (1955) state that chlasmata are 
not likely to be located at random on the chromosome in 
Drosophila and maize. If this is true, then the recovery of 
a true isogenic line may be very difficult. 
Jones (1952) conducted backcrossing eroeriments in maize 
where dominant seed markers were maintained in the hetero­
zygous condition, and results sh-ow that heterosis continued 
to the sixth generation, 'The markers chosen were considered 
to have little or no effect on plant growth. The approach to 
the level of growth activity of the recurrent inbred parent 
was so slow as to indicate that every region of the chromo­
some, ..divisible by crossing over, had an effect on growth. 
Leininger and Frey (1962) backcrossed oats four genera­
tions and noted that the means of quantitative characters in 
oats did not return toward the recurrent parent by a factor 
of one-half of the remaining differences between the means of 
the preceding backcross and recurrent parent. 
Expression in testcrosses or hybrids is regarded as 
further evidence of heritable variation of sublines. Testers, 
however, may mask or modify the subline differences. Sprague 
et al. (i960) crossed an original doubled-monoploid parent and 
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one or more of its divergent sublines to the inbred testers, 
Wf9 and El4. The number of significant differences was no 
greater than expected on the basis of sampling:, '".'hey stated., 
"If more than a single genetic change would be required to 
modify yield performance at the hybrid level, the time period 
involved was too short to expect significant differences even 
though a high mutation rate might be involved. Furthermore, 
the only mutations that could be expressed in the testcrosses 
would be those having some degree of dominance." 
Eusch and Russell (1964) conducted a study to determine 
if mutations detected in an earlier study by Russell et al. 
(1963) would be expressed in hybrid progeny. Thirty-one sub­
lines in each of Ml4 and 0s420, respresenting five successive 
generations in a dichotomous scheme, were outcrossed to unre­
lated testers, B14 and B46. Measurements in replicated experi­
ments were made on nine quantitative plant and ear characters. 
Seven of the nine characters showed significant differences in 
each study. They found that approximately 40 percent of the 
mutations detected in the inbred study were expressed in hy­
brid progeny. Linear comparisons of among generation means 
showed no unfavorable trends of the means of the generations 
as a result of the genetic change. The expression of inbred 
changes in hybrid progeny was generally greater for plant 
characters than for ear characters. The range in mean values 
was small enough to have little practical significance; how­
ever, the biological implications indicate that maintaining 
Inbref line ^^notynec unohan'-ed for a period of years may be 
conpiri.erablv innre difficult t\an erpectecl. 
Flem.inr ( 19reporte-"' results of an eroerinient v'here 
tl-e same inbred gtoolcs as described in an earlier study 
(Plenin':' et al., 19^4) were crossed inth a coniraon inbred, tester. 
Significant differences were obtained, between hybrids in nine 
out of ten a2Tono"nic characters, ^he correlation of results 
of this and the 19^4 study was not indicated., 
Mutations inay '''^e co"'ol'^tPl-r mash--^-"' '-v +-he tppters, Spra.-ue 
f?t al, pr J Jones (1ok<), or possibly expresse" iffer-
er tl y -•••1th tester? fron '^ i-'-er.-'j-ent genetic sources, y h en 
UTin;- tr-tcrosses to evaluate differences in inbred lines, it 
is not uncommon to find that the testers rank the lines in 
different or'^ers. Gr^en (19^-5), Tho-roson and. Barlinrrs (19cn), 
lu s s ell (1.961), Tenter and Alexander (19-?), and Schuler and 
Sprarrue (195^; have co^^ented on significant interactions 
-•Thich occurred v^ hen comparing t'^ e sa^ e 'material Trith tifo or 
more testers, '"^hus, si-nificant sublines z testers inter­
actions probably should be erjrnecte-'"' in the "oresent study in 
which three unrelated in'^re^. testers were used. 
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MATERIALS 
Six inbred lines and seven single crosses involving 
certain of these inbred lines were obtained in I963 from four 
Midwest seed stock organizations, as well as from the Iowa 
Agricultural Experiment Station, The Iowa source of each in­
bred had been maintained continuously by self-pollination in 
ear-to-row progenies. The other four sources had maintained 
their inbred seed supply primarily by selfing and bulking, 
but a few lines were maintained by sibbing. 
Seed sources and inbred lines obtained from each are 
listed below; 
Inbred seed sources 
Inbred A B G D E 
Bl4Rf X X X X X 
Bl4 X X X X 
Ml4Rf X X X X 
M14 X X X X X 
C103Rf X X X X 
CI 03 X X X X X 
Oh43Rf X X X X 
Oh43 X X X X X 
B37 X X X X X 
Wf9 X X X X X 
The inbred seed sources were arbitrarily designated A, 
E, C, D, and E. Source E represents the Iowa sublines. Dif­
ferent sources of seed stock supply will hereafter be referred 
to as sources. The particular inbred seed available from a 
source will be referred to as a subline, Male fertility re­
storer (Rf) versions of four of the inbreds were included aleo. 
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The Inbreds Bl4, C103Ef, and Oh^3Rf were not available 
from source C. 
Inbred origins and dates of release from the experiment 
stations originating the inbred lines are listed below; 
Inbred Origin Year of release 
¥f9 Purdue 1938 
Ml4 Illinois 1940 
CI03 Connecticut 1946 
Oh43 Ohio 1950 
El4 Iowa 1953 
B37 Iowa 1958 
In most instances, the foundation seed supply of each in­
bred was obtained originally by the sources during the year of 
release or within the next few years. It is evident that each 
non-restorer subline, except for B37» had been maintained by 
each source for ten to 20 years prior to 1963. 
The number of backcrosses to the recurrent parent in 
development of the Rf strain is listed below for each source: 
Source 
Restorer inbred A B Ç D 1 
Bl4Ef 6 7 6 6 6 
Hl^Rf 5 6 - 6 6 
C103Sf 5 5 - 6 6 
Oh43Rf 5 7 - 6 6 
Thirty-two plants of each subline, except Wf9 sublines, 
were gro-wn in 1963 for purposes of manual self-pollination. 
A bulk seed sample was obtained to represent each subline. 
Hineby-six plants of each Wf9 subline were grown the same year 
and self-pollinated. Seed from each ear was packaged sepa­
rately, with a small portion from each package being 
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contributed to a bulk sample to represent each Wf9 subline. 
The individual packages were saved for a study of variation 
within Wf9 sublines. The bulk Wf9 samples were used in a 
comparison of sublines and subline crosses. 
In 1963, all possible subline single crosses were made 
within the inbred lines Wf9> Oh43, and Ml4. (Hereafter, sub­
line single crosses will be referred to as subline crosses.) 
Similarly, all possible subline crosses were made within Bl4, 
CIO], and B37 in 1964. Thus, 36 subline crosses were obtained 
for each of the inbreds Bl4, Ml4, CI03, and Oh43, and ten sub­
line crosses were obtained for Wf9 and B37* 
Another phase of this study involved a comparison among 
sublines for combining ability with three unrelated inbred 
testers. Grosses with the testers, B46, 353» and A257» were 
made in 1963. Because sufficient seed was not obtained for 
the E-Cl03Bf X b46 and the E-0h43Bf x 353 crosses, the data 
for E-C103Rf y testers and E-0h43 x testers will not be 
reported. 
Seven single crosses, whose parents were the inbred lines 
listed above, were obtained from each source and were used to 
produce double-cross hybrids. Only single crosses from a 
particular source were used to compose double crosses repre­
senting the source. 
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The following is a list of the single crosses obtained 
and the double crosses that were generated: 
Wf9-'Bns X Oh43 . (Wf9 x B37) (Oh43 x 3l4) 
E37 X Bl4Bf^ (Wf9 X Ml4) (B37 x Bl4) 
Bite X C103Hf (Wf9 X Ml4) (Oh43 x C103) 
Oh43Rf X Bl4Rf (Wf9 X Ml4) (Oh43 x Bl4) 
Oh43Ef X ClOlRf (Wf9 X Ml4) (Bl4 x CI03) 
(Wf9 X Oh43)(3l4 X B37) 
(Wf9 X Oh43)(Bl4 X CI03) 
Source E was not represented by any male sterile or 
restorer single crosses. Also, the (Wf9 x B37)(Oh^3 x C103) 
and (Wf9 x Hl4)(0h43 x C103) double crosses were not composed 
for source E. Reciprocal crosses were not obtained in cases 
where one of the single crosses was male sterile. However, 
an ample seed supply was obtained for all crosses. 
Single crosses 
Wf9-Tnis^ X B37 
Wf^-Ttas X Ml4 
Double crosses 
(Wf9 X B37) (Bl4 X C103) 
(Wf9 % B37) (Oh43 X C103) 




The methods used In this study will be discussed under 
four headings: sublines and subline crosses, sampling within 
Wf9 sublines, subline testcrosses, and double crosses. Field 
and statistical procedures will be discussed under each 
heading. 
Throughout the presentation and discussion of the data 
only those differences found to be statistically significant 
at the five percent level of probability will be considered 
to be real differences. 
Sublines and Subline Crosses 
Sublines and subline crosses were tested in randomized 
complete block field designs of ten replications at Ames in 
1964 and 1965» Blocks consisted of nine sublines and 36 sub­
line crosses (44 entries) for the inbreds 514, Ml4, C1Q3» and 
Oh43. For ¥f9 and 337, there were five sublines and ten sub­
line crosses per block. Experiments comparing sublines and 
subline crosses of Ml4, Oh43, and Wf9 were conducted in 1964 
and those of 514, C103, and 337> in 1965. 
Planting dates were May 20-21, 1964 and May 13, 19&5« 
Seed bed preparation, fertility, and stands were considered 
good. Each plot consisted of a single row of ten plants, 
after thinning, spaced approximately 13 inches apart within 
the row and the rows were spaced 40 inches apart. Missing 
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plant areas frithin a nlot were replanted, with a marker inbred, 
[•>^0 kernel s of a marker inbred were also planted 20 inches be­
tween the ends of plots to avoi^'i differential connetition be­
tween end. plants of plots. The 1964 2'rowin,"- season was con­
sidered. rood., but the 19^5 season was only fair as a total of 
only .75 inches of rain fell between July 10 and August 25. 
Because of the drought in IP65, silk emergence was slow in '°l4 
and. c37. To ensure better pollination, the husks were clipped 
back to expose the silks earlier while pollen was still 
available. 
Data were collected for elfht quantitatively inherited 
characters; (1) date silked, (?) plant height, (3) ear height, 
(4) tassel branch number, (5) ear lenrth, 100-kernel weirht 
(1964) or 3'^0-kernel weight (I965), (7) -rain yield, an^^ (8) 
ears per olant. 
The procedures used to collect data will be described 
briefly. Silking was checked dally and a dated tag was affixed 
to the end plant in each plot when 50 percent of the plants 
within a plot had visible silks. The figures recorded were the 
number of days from July 1 until the silking date. Plant 
heisTht was measured from the ground to the uppermost node, and 
ear height was measured fro^fi the '-ror.i 'd. to the ton ear-bearing 
node. Plant and ear hei.glits were recorded to the nearest 
centr'ne~er. Tassel branch numbers were counted on eac' Indi­
vidual niant with the "r.aln so ike include^. Plots were 
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harvested in October and all ears dried to a uniform moisture 
percentage before kernel data, ear data, and grain yields were 
obtained. 
Barren plants at harvest were denoted by placing a tag in 
the harvest sack for each barren plant. Double ears were put 
in a paper bag and the bag placed in the harvest sack. Ears 
per plot, number of barrens, and double ears were recorded 
when other ear data were obtained. Ears per plant were cal­
culated to the nearest 1/100 of an ear per plant for Ml4 and 
CI03. Lack of barrenness and double ears in the other four 
inbreds deemed it unnecessary to calculate and analyze the 
number of ears per plant for them. 
Ear length was measured from butt to tip with all the 
ears from a plot being placed in a measuring tray and the total 
length recorded to the nearest 1/10 of a centimeter. Yield was 
measured by shelling all ears from a plot into a common con­
tainer and obtaining the bulk weight to the nearest gram. In 
1964, 100 random kernels were counted from the shelled corn 
sample from each plot. The samples were weighed on a shadow­
graph to the nearest 1/10 of a gram. In 19^5» 300 kernels were 
counted with an electric counter and weighed to the nearest 
1/10 of a gram on an electric scale. 
Mean plot values for all characters measured were cal­
culated, except for silking date and kernel weight in which 
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case values as recorded were appropriate. Missing plot values 
were estimated using appropriate statistical methods. 
An analysis of variance was calculated from the plot means 
or appropriate values for each character. The facilities of 
the Iowa State University computation center were utilized 
for the main analysis in this series of experiments as well as 
for experiments discussed later. The analysis of variance was 
the standard analysis for randomized complete block experiment 
with main plots being sublines and subline crosses, A logical 
orthogonal partition was made of the variance among sublines 
and subline crosses into three subdivisions; sublines versus 
subline crosses, among sublines, and among subline crosses. 
The influence of the restorer factor (Rf) was assessed then 
within both sublines and subline crosses. Within the restorer 
and non-restorer suolines and subline crosses, subline S 
(ear-to-row) was compared with the remaining sublines. Sub­
lines were considered fixed variables in these experiments. F 
tests were performed by comparing all sources of variation with 
p 
an estimate of a e« 
Sampling within Wf9 Sublines 
Inbred ¥f9 was selected for a special study to compare 
the amounts of variation present within the five sublines be­
cause this inbred was the oldest of the six inbreds repre­
sented. It was assumed before commencement of the study that 
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the E subline, which had been maintained by the ear-to-row 
method for many generations, would be the least variable of 
the five sublines. 
OTwenty ears (sub-sublines) were selected at random from 
each of the five Wf9 sublines in 1964, These progenies were 
grown at Ames in an experiment of ten replications. A split-
plot design was used in which main plots were sublines ran­
domly assigned in each replication. Sub-sublines were as­
signed at random within main plots of sublines. 
Plot technique, data collected, and growing conditions 
were similar to those described in the previous section. Plots 
were over-planted and seedlings thinned later to the desired 
stand of ten-plant plots. No analysis was made of ears-per-
plant data. 
This study was repeated in I965 using a different set of 
20 ears from each subline. The 19^5 experiment had a large 
portion of its area briefly covered with water and silt on 
three occasions when the plants were small and résiliant. 
Most plots, however, retained their full complement of plants 
after thinning. One area showed poorer growth and later 
maturity. 
An analysis of variance was calculated from plot means 
for five characters and from recorded values for the kernel 
weight and silking date. The form of the analysis of variance 
is presented in Table 1. F tests were made by comparing 
sources of variation with appropriate error terms. The 
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Table 1. Analysis of variance to compare the variance within 
sublines A, E, C, and D with subline S 
Source of df Sscpected mean 
variation squares 
Replications 9 + 2 
Sublines - •  4 + rK^g 
Error (a) 36 
Ami; sub-sublines of sub A 19 a^b + 
Amr sub-sublines of sub 3 19 G^b + 
Amg sub-sublines 

















+ rc^ 8/E 
variance within sublines A, B, C, and D were each individ­
ually compared with the variance within subline E by using a 
one-tailed F test. 
Subline Testcrosses 
All sublines were crossed to three unrelated inbred 
testers and the hybrids were evaluated at five Iowa loca­
tions in both 1964 and I965. A split-plot field design was 
used at each location with testers as the main plots and 
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sublines as the sub-plots. The locations were Ute, Hampton, 
Ames, Ankeny, and Grinnell with each having two replications. 
'"'he plots were the standard 2x5 hill plots. Plots 
were 200 inches long and 60 inches wide at Ute, Hampton, Ames, 
and Ankeny. Plots contained two rows, 40 inches apart, with 
three kernels planted every 20 inches within the rows. An 
extra kernel was planted on each of the four end hills for a 
total of 58 kernels per plot. ?he stands were thinned to 40 
plants per plot, '^he row width was 38 inches at Grinnell, 
thus plants were 19 inches apart within rows and the plot size 
was 190 inches x 76 inches. Counts of plants per plot re­
corded prior to harvest indicated that stands were generally 
excellent. 
Farm cultural practices were in accordance with those 
practices normally accepted as desirable for good corn produc­
tion. Fertility levels were medium to high at all locations. 
Planting and harvest dates are indicated below; 
Planting date Harvest date 
1964 1965 1964 1967 
Ute May 20 May 14 October 26 October 27 
Hampton May 19 May 20 November 3 November 13 
Ames May 21 May 11 November 12 November 1-6 
Ankeny May 25 May 5 November 10 October 12 
Grinnell May 18 May 15 October 15 November 15 
All locations were hand planted. Ute, Hampton, and 
Grinnell in 1964 and Ute in I965 were harvested with tractor-
mounted picker sheller. The remaining six locations were 
hand-harvested. 
Data were collected for six characters: number of plants, 
number of plants root- and stalk-lodged, number of dropped 
ears, grain yield, and grain moisture percent. Stands were 
corrected to percent on the basis of the 40 plants per plot as 
a perfect stand. Plants broken below the ear were stalk-
lodged, and plants leaning; more than 30 degrees from upright 
were root-lodged. Counts of root- and stalk-lodged plants and 
dropped ears were corrected to percent on the basis of the 
actual number of plants per plot. (Machine-harvested plots 
were not gleaned for dropped ears, but hand-harvested plots 
were gleaned.) 
Plot weights were recorded to the nearest 1/10 pound of 
shelled grain in the machine-harvested locations and of ear 
corn in the hand-harvested locations. Samples for moisture 
determination at the hand-harvested locations were obtained by-
stripping two rows of kernels from a composite sample of about 
ten ears from each plot. A portion of the shelled corn from 
each plot was saved at each of the machine-harvested locations 
for moisture determination. Moisture percentages were made 
using Kotomco and Steinlite moisture testers. 
Plot weights were corrected to hundredweight per acre 
(cwt./acre) of shelled grain at 15.5 percent moisture. In the 
case of ear weight per plot, a common shelling percentage was 
assumed for this conversion. No grain yield adjustments were 
necessary because of stand variation. Missing plot values 
were estimated v,i:h appropriate statistical procedures. 
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•The analysis of variance for each individual experiment 
was calculated assuming that sublines and testers were fixed 
variables. These individual experiment analyses are listed in 
the Appendix, F tests were made by comparing testers with 
error (a) and sublines and testers x sublines with error (b). 
An analysis of variance was performed only for yields and mois­
ture percentages. It was felt that real differences in the 
other four agronomic characters would be undetectable because 
of the high errors generally associated with these characters. 
Means over ten environments are presented in the Appendix for 
all six agronomic characters. 
The combined analysis of variance form is presented in 
Table 2. Experiments grown in 1964 and 19^5 at five locations 
were considered ten random environments. Logical orthogonal 
partitions were made of the sublines main effect as well as of 
the environments x sublines and testers x sublines interactions. 
Examination of the three factor interaction deemed it unnec­
essary to partition this source of variation into orthogonal 
comparisons. All F tests were made by comparing sources of 
variation with appropriate error terms. 
Double Crosses 
The effects of parental seed source were compared in nine 
different double crosses. For example, double cross (¥ x X) 
(Y X Z) was produced using parental seed from A, B, C, D, and 
E, respectively, thus giving five sources of this double cross. 
2. A combined analysis of variance for ten split-plot 
experiments -usef to compare sublines r testers 
Source of Symbolic^ Estimate.^ nean 
variation •'""'f squares 
Environments e— 1 + rtsc^g 
' ïrror (a) e(r-1 ) 
"est er s ':-1 + 9 rso"- -gm -f resK~m 
' înv r test ( e-1 ) ( t-1 ) + rso-^Tprn 
Error (b) e(r-l ) (+--1 ) 
Subiines s-1 0^0 + rto2%s + retK^p 
Ihv r sub (e-1)(s-l ) 
" 'o + rto^Tg 
™est r sub (t-1 )(s-1 ) + rO' •'I7mp + reK?,_^ 
Snv X test r sub (e-l )(t-1. )( s-1 ) + rcj "^rrp 
Error (c) e(r-l )(s-1)(t-1 ) 
+ e(r-1)(s-1. ) 
^r - replications {?.): e = environments (1'^); t  = 
testers (;); s - sublines (9, ^ or 5)» 
'••"lese sources of I'.ou.ble cross ('•! :: X)(Y r Z) were co-vvpred as 
five entries in an experiment con^ucte^ at Ute, Ram ton, Ames 
Aiil 'eny, an-:"' ^rinnell in ano 194^^ '"'be eroeri-nents rroTTn 
both years at five locations T^ere all considered to represent 
ran^o'ii environments. ;l randonirer" complete i-^lock field desig 
of tro replications s used to evaluate the double crosses a 
a location. Field orocedure, data collected, field condi­
tions, planting dates, and harvest dates T-rere the same as tho 
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Table 3. The combined analysis of variance with orthogonal 
subdivisions used to compare double-cross sources 
Source of Symbolic^ Estimated mean 
variation df squares 
Environments e-1 
Error (a) e(r-l ) 
Double-cross sources 5-1 + ro^gg + reK^g 
E vs ABCD 1 
Among ABCD 8-2 
Env X dc sources (e-1)(s-1) 4-
Erro r (b) e(r-l)(s-1) 
^e = environments (10); s = double-cross sources 
(4 or 5). 
discussed under the Subline Testcrosses heading. Forty ker­
nels were planted per plot in the double-cross tests and the 
stands were not thinned. 
Analyses of variance were performed only for yield and 
moisture percentages. Means across ten environments for all 
characters are presented in the Appendix for each of the nine 
double crosses. Double-cross sources were considered to re­
present fixed variables. Replications and double-cross 
sources were tested against the error in the randomized com­
plete block experiments for each environment. The format of 
the combined analysis of variance and a logical orthogonal 
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partition of the variance among- double-cross sources is pre­
sented in Table 3. The environments x double-cross sources 
interaction was not further partitioned into orthogonal com­
parisons, P tests to determine significance of mean squares 
in the combined analysis were made by comparing sources of 
variation with the appropriate error terms. 
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RESULTS AND DISCUSSION 
The results will be presented and discussed under four 
headings; subline and subline crosses, sampling within ¥f9 
sublines, subline testcrosses, and double crosses. The data 
are too voluminous to include in their entirety in this sec­
tion; therefore, less essential portions are presented in the 
Appendix. The assumption is made throughout the results sec­
tion that earliness (smaller totals) and larger plants, ears, 
and grain yield, etc, are associated with greater vigor, and, 
therefore, are indicative of a heterotic effect. 
':"he use of full-length, descriptive terms of the various 
factors to be mentioned throughout the discussion of results 
and tables would be cumbersome. The following summary shows 
abbreviated terms that will be used in many cases; 
Abbreviated term Descriptive meaning 
Sources (src) 
Subline (sub) 
Foundation seed sources 
Inbred strain representing a 
source 
Single crosses of sublines Subline cross 
(sub cr} 
E-cr Subline crosses involving 
source S 
Unrelated inbred testers 
Average subline response when 
crossed to three testers 
Sublines and subline crosses 
Male fertility restorer sublines 
Non-restorer sublines 
Double cross 
Remaining, i.e, rm sub of I-I14 
refers to A3CD sublines 
Sub or sub cr not evaluated 












Abbreviated term Descriptive meaning: 










Kernel weight (ino in 
1964 and 3C0 in 1965) 
Grain yield 
Percent moisture 
Sublines and Subline Crosses 
Significant differences were found among sublines, among 
subline crosses, and for sublines versus subline crosses 
(heterosis) for most characters of six elite Corn Belt inbred 
lines. The results for sublines and subline crosses are pre­
sented in Tables 4-13. Analysis of variance and orthogonal 
comparisons for each Inbred line are shovm in ""able 4. Only 
results of the F tests are listed for each inbred character. 
Results showing principal partitions of sublines and sulllne 
crosses, namely, among sublines, among subline crosses, and 
sublines versus subline crosses, are presented in Tables 5-7. 
Descriptions of single degree of freedom comparisons for each 
inbred are sho mi In Table 8, A summarization is given in Table 
9 for the total number of characters per Inbred, which showed 
significant differences for sources of variance in an analysis 
of variance of sublines and subline crosses. Character means 
and ranges for all six inbreds are listed in Table 10, 1 lean s 
for each subline and subline cross are included, in the Appendix. 
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Table '4. Analysis of variance and. orthogonal comparisons of 
characters of sublines and subline crosses (entries) 
of six inbreds 
Source of Plant and ear characters Grain 
variation ST ?" EL yield 
Replications 9 
.Entries 
Sub vs sub cr 1 ns^ %'• •îf-X'-
Sublines ? -X':: •V: 'X -X 
?.f vs rf 1 ns ns -;;v- ns 
Aznonr Rf 4 ns •Î'-'X 
E vs ArCD 1 ns ns ns 
Amon^ A^CD O •y.i: ns 
Anon^ rf ? ns ns ns -;'r 
^ vs A""D 1 ns ns V- ns ns 
Amonr A'-D ? ns ns ns ns ns 
Subi in e c ro s s ps 3 5 •îî"".! 
Bf y rf cr vs rm cr 1 n s ns ns ns ns ns 
P.f y ^f vs rf y rf 1 ns -X-:: ns 
Amonr Rf y Bf cr 9 i-c: \ ! 
S-cr "'"S rn cr ' 1. ns ns ns ns ns ns 
Anon^ E-cr Q i'r-T 
Ario nr rm cr < •K-:- ns ns ns ns if-
An on "y Ff ir rf cr 19" ns 
E-cr vs Tv\ cr 1 i: -!!• ns ns ns -Irv-
Amonr E-cr 7 •51".' ns n s •î'^ ' 
Aïïionf; rra cr 11. ns 
Amonr rf y rf cr 5 j;- n s ns ns ns 
E-cr vs r.m cr 1 ns ns ns ns ns ns 
Anton r E-cr 2 ns ns ns ns ns ns 
Â^non'-" r:"i cr 9 ns ns ns ns ns ns 
ïrror -or. 
®'ns denotes non-si-nificanoe. 
b-x-gir-Yiifleant at t\e 5"' level ana in all tables, hereafter, 
0**81 [Tilflca-nt at the I'c level and in all tables, here­
after. 
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Table 4 (Continued). 
Source of df Plant and ear onaracters Grain Ears/ 
variation SD PH EH TBN EL KW yield plant 
M14 
Replications 9 ** itii- i: if if if ifif 
întries 44 ** "X-ic ** i^ iî- ifi:- if if- ifif 
Sub vs sub cr 1 ** it# iiif ns if ii- ns 
Sublines 8 ** ** iHf ici;- ns ifif ifif 
Rf vs rf 1 ns ns •K4:- il-iî- ns ns ifit-
Among Bf 3 ** ns iî-ir ns ns if-i;-
E vs AED 1 ns ns ns ns ns ns ifif 
Among ABD 2 ** ns ns ifif 
Among rf 4 it* ** ** it if ns ifif ifif 
E vs ABCD 1 ns ns ns ns ifif ifif 
Among ABCD 3 ** •X' -îE- if i! ns if •îfif 
Subline crosses 35 ** ** iî # ili;- if if ifif if if­
Rf X rf cr vs rm cr 1 ns •K-:f ns ns ns ns if 
Bf X Bf vs rf X rf 1 ns •K- ** if-i!- ** ifif ifif 
Among Ef X Rf cr 5 •îHr ** ** if if ifif ifif 
E-cr vs rm cr 1 •JH'r ns ns -Kil­ ns ns -*if ifif 
Among E-cr 2 *4!- 4i- ns ns iHf if-if ns ifif 
Among rm cr 2 * ** ns ns if if ici!- ifif 
Among Rf X rf cr 19 a-ii- •Sf-» ** iî-if if if ifif ifif 
E-cr vs rm cr 1 ns •3!- i;* ns if iJ-if 
Among E-cr 7 4;--s ** ifif if if ifif ifif 
Among rm cr 11 ** ific if if ifif ifif 
Among rf x rf cr 9 ** ii-it- ifif ns ifif ifii-
E-cr vs rm cr 1 ns ns * if if ifi? ns ifif ifif 
Among E-cr 3 •3Î-;:- ** ns ** ifi:- ns ifif ifif 
Among rm cr 5 •5!-3f i:-i!- if ns ns if 
Error 396 




df Plant and ear characters Grain Ears/ 
"SD PH EH TEN EL KW yield plant 
C103 
Replications y ** -îtw ** •K-X- -X"ir ns 
Entries 44 •K-K- ** ** iMf- •Jrir iH:-
Sub vs sub cr 1 ** i;# •iî-K- if ** ns iH:-
Sublines 8 iM:- ** it* -K# iî 
Rf vs rf 1 iv- 'îî-'îî i:-K-
Among Ef 3 iHf •JK:- ns ** •ÎC-5S- ** ** 
E vs ABD 1 •iH:- •ÎH:- ** •K- iH:- •;H;- ** -Kil­
Among ABD 2 ** •5H;- ns ns ns •H- ns 
Among rf 4 n- •sfi;- it-jf ns it-X-
E vs ABCD 1 * ns •Î;- ns ns ** ns ns 
Among ABCD 3 -Vi-ii ** •s ns ii-it 
Subline crosses 35 ** an irir iî-ir 
Rf X rf cr vs rm cr 1 ** ns ns ns ns ns * ns 
Rf X Rf vs rf X rf 1 ** "M if ifit 
Among Rf X Rf cr 5 ns ** ** ** ns ns ns 
E-cr vs rm cr 1 # #  •X-'S- ** ns ** ns ns 
Among E-cr 2 ns ns ns it ns ns ns ns 
Among rm cr 2 ns ns ns ns ns ns ns ns 
Among Rf X rf cr 19 •îr-î:- it* ** •55"5t i! * 
E-cr vs rm or 1 •5!-;;- •s-"- ** 
Among E-cr 7 •jf-î'- •it •îf-:;- ** 
Among rm cr 11 iH: "X' ** ns 
Among rf x rf cr 9 ns #-x- iH:-
E-cr vs rm cr 1 ns •i:- ns ns i;* ns ns 
Among E-cr 3 •Î:- •SS-îi ** -:H!-
Among rm cr 5 ns ** ns ns ** ns 
Error 396 
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Table 4 (Continued). 
Source of 
variation 
df Plant and ear characters Grain 
SD PH EH TBN EL KW yield 
Oh43 
** itii- ii-it ns itit 
** ** iH!- itii- it it itit itit 
** ** ** ific itit itit itit 
** if if X* it it itit itit 
ns ** ii-if ns iti\ itit 
** ** itit itit it 
if* ** ns iS-iS- ns it ns 
ns ** i!-i:- i:-i:- itit itit it 
** ** iS-iS- ns itit it-it 
** ns it ns itit 
ns # iHS- ** ns itit ns 
** ** iH:- ** itit itit itit 
if -K- ns if ns itit 
** ** ifif- ns itit 
ns i:- i;-i{- itit ns it 
ns ** ns ifit ns ns ns 
ns ** ns it it itit ns ns 
ns it itit ns ns it 
** iî-it it-it itit itii- itit 
ns it it ns it ns 
Bepllcations 
Entries 
Sub vs sub cr 
Sublines 
Rf vs rf 
Among Rf 
E vs ABD 
Among ABD 
Among rf 












Subline crosses 35 
Rf X rf cr vs rm cr 1 
Rf X Bf vs rf z rf 1 
Among Rf X Ef cr 5 
E-cr vs rm cr 1 
Among E-cr 2 
Among rm cr 2 
Among Rf X rf cr 19 
E-cr vs rm cr 1 
Among E-cr 7 
Among rm or 11 -îf-ît 
ns ns 
if'S:-
Among rf x rf cr 9 itit itit itit itit ns itit 
E-cr vs rm cr 1 itit ns ns itit it ns ns 
Among E-cr 3 ns itit itit itit ns ns itit 
Among rm or 5 ns itit itit itit ns ns ns 
Error 396 
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'Table 4 (Continued), 
Source of df Plant and ear characters Grain 
variation SD PH EL TEN SL KW yield 
( 
Replications 9 ** * ns ns if if 
Entries 14 if •K- if* if )r itif ifit-
Sub vs sub or 1 ns •H-Jf •Jv if ici; if- if if 
Sublines (rf) 4 ** ns •K-X- itit it* if if 
E vs ABCD 1 ns ns if ifit 
Among ABCD 3 ** ns i:* -Xii iiif 
Sub cr (rf x rf) 9 ** ns i!it iS-it- if if 
E vs rm cr 1 -li­ ns ns •K-* ns ns 
Among E-cr 3 ns ns ns il-i'i- ifi: if if 
Among rm cr 5 ns i!-i} itit- it if 
Error 12.6 
Wf9 
Replications 9 ** 'îî- ** ns ifif it if 
Entries 14 ** i:* it it-if if if 
Sub vs sub cr 1 •îf-îf ns ns ns ns if if if if 
Sublines (rf) 4 4S-!!- •K* ** ns i-rii- ifi!- ifit-
E vs ABCD 1 ns ** ** ns ** ns ns 
Among ABCD 3 •Jf •K-» ns it-it- if it it-if 
Sub cr (rf x rf) 9 ns «•K * it it-if ns 
E vs rm cr 1 ns ns ns ns ii- ns ns 
Among E-cr 3 ns if'Sf ** «- ns it if ns 
Among rm cr 5 ns ** ** ns if if if ns 
Error 126 
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Table 5. Characters which showed significant differences 
among sublines within six inbred lines 
Character B14 M14 CI 03 Oh43 B37 Wf9 
No. of sublines 9 9 9 9 5 5 
Silk date ** ** •5c "Jf ** 
Plant height ** ** ** 
Ear height ** •K-K- ** ns®- ** 
Tassel branch number ** •K-K- ns 
Ear length i("X- ** ** 
Kernel weight *^ f- ns ** ** ** 
Yield ** ** ** 
Ears/plant — ** — — — 
^ns denotes non-significance. 
^Significant at the 5% level. 
**Significant at the level. 
Table 6, Characters which showed significant differences 
among subline crosses within each of six inbred 
lines 
Character B14 M14 C103 Oh43 B37 Wf9 
Subline crosses no. 36 36 36 36 10 10 
Silk date ** ** if* ns 
Plant height ** •w-î!- * 
Ear height ** ** ** ns®- ** 
Tassel branch number ** ** ** «•4:- •J'r 
Ear length ** ** ** ** 
Kernel weight ** if# ** 
Yield iHt- ** ** ** ns 
Ears/plant — — — — 
^ns denotes non-significance. 
^Significant at the 5% level. 
^^Significant at the level. 
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Table 7. Subline crosses compared with sublines to determine 
heterotic effects 
Character El 4 Ml 4 C103 0h43 B37 %ff9 
No. of sublines 9 9 9 9 5 5 
No. of sub or 36 36 36 36 10 10 
Silk date ns^ ** ** ns 
Plant height {H:- ** ** •«-X- ns 
Ear helght -X il i!- ns 
Tassel branch number ** ns 
Ear length ** its ns 
Kernel weight ns ns 
Yield •îi-îi- 'X-x-
Ears/plant ns •y. — 
^ns denotes non-significance. 
^Significant at the S% level. 
^•""Significant at the 1% level. 
"he variation among sublines was significant in of 44 
instances, (Tables 5 and 9) thus, showing: that the sublines 
differed for most characters in all inoreds. The basis of the 
variation aaonr sublines was examined by partitioning the sub­
line variance into restorer (Rf) versus non-restorer (rf) sub­
lines, among restorer sublines, and among non-restorer sublines. 
This partition was not applicable to Wf9 and B37. Within Ef 
and rf groupings, the variance was partitioned into E subline 
versus remaining sublines and variance among remaining sub­
lines, i.e. ABCD or AED. 
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Table 8, Descriptions of statistically significant single-
degree of freedom, comparisons of inbred sublines 
and subline crosses® 
Comparisons Plant and ear characters Grain Ears/ 
SD PE EH TBN EL KW yield plant 
Bl4 sublines and subline crosses 
Sub vs sub crosses ns - - - - - -
Among sub: Bf vs rf + - ns ns - - ns 
Among Ef; E vs ABCD - - ns ns - ns -
Among rf: E vs ABD - ns ns - ns ns -
Bf X rf or vs rm or ns ns ns ns ns + ns 
Ef X Ef or vs rf x rf cr + - ns - - - ns 
Among Ef x Bf: E-cr vs rm ns ns + ns ns ns ns 
Among Bf x rf: E-cr vs rm - - ns - ns ns -
Among rf x rf; E-cr vs rm - ns ns ns ns ns ns 
Ml4 sublines and subline crosses 
Sub vs sub crosses - - - - - ns - ns 
Among sub: Ef vs rf ns ns - - + ns ns + 
Among Bf: E vs ABD ns ns ns - ns ns ns -
Among rf: E vs ABCD ns ns ns - + ns + -
Bf X rf cr vs rm cr ns + + ns ns ns ns + 
Bf X Bf cr vs rf x rf cr ns + - - - - + + 
Among Bf x Ef; E-cr vs rm - ns ns - ns ns - — 
Among Bf x rf: E-cr vs rm ns + + - + ns + — 
Among rf x rf: E-cr vs rm ns ns - - + ns + -
^The vigor of the member of the comparison listed on the 
left; when the mean is larger, is designated by (+) and when 
smaller by (-), Non-significance is denoted by ns. 
%ble 8 (Continued.). 
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Comparisons Plant and ear characters Grain Ears/ 
SI) PH EH TBN SL KW yield plant 
2103 sublines and subline crosses 
Sub vs sub crosses 
Among sub; Rf vs rf 
Among Rf: E vs A3D 
Among rf: E vs ABDc 
Rf x rf cr vs rm cr 
Hf X Rf cr VB rf 7: rf cr 
Among Rf X Rf; E-cr vs rm 
Among Rf X rf: E-cr vs rm 
Amonz rf x rf: E-cr vs rm 
ns 
+ + + + + + + 
- ns - ns ns - ns ns 
+ ns ns ns ns ns 4 ns 
+ + + + + + + + 
— 
— 
— — ns — ns ns 
ns _ — ns ns — ns ns 
Oh^3 sublines and subline crosses 
Sub vs sub crosses - - - - - - -
Among sub; Rf vs rf ns + + + ns - -
Among Rf: E vs AZT - - ns + ns + ns 
Among rf: E vs ABDC - - ns + - ns -
Rf X rf cr vs rm cr + ns + + ns + 
Hf X nf cr vs rf >: rf cr + + + + + ns + 
Among Rf X Rf; E-cr vs rm ns - ns + ns ns ns 
Among Rf X rf: E-cr vs rm - — ns + ns + ns 
Among rf x rf: E-cr vs rm - ns ns + + ns ns 
37 sublines and subline crosses 
Sub vs sub crosses 
Among sub; S vs A.3CD 
Among sub or: E vs rm 
ns 






wf9 sublines and subline crosses 
Sub vs sub crosses 
Among sub; E vs ABCD 
Among sub cr: E vs rm 
ns ns 
ns 
ns ns ns 
ns ns + 
ns - ns ns 
ns - ns ns 
5^ 
Table 9. The mornber of characters for sublines and subline 
crosses of each inbred which were significant in 
an analysis of variance® 
Source of 
variation 




Entries 7 8 8 7 7 7 44 44 
Sub vs sub crosses 6 6 7 7 6 3 35 44 
Sublines 7 7 8 7 6 6 41 44 
Bf vs rf 4 4 8 5 — — 21 30 
Among Rf 6 5 7 7 — — 25 30 
E vs remainder 4 2 8 4 — — 18 30 
Among remainder 6 6 4 6 — 22 30 
Among rf k 7 7 6 (6r (6) 36 44 
E vs remainder 3 4 3 5 5 3 23 44 
Among remainder 2 7 7 4 6 6 32 44 
Subline crosses 7 8 8 7 6 5 41 44 
Rf X rf cr vs rm or 1 3 2 5 — — 11 30 
Rf X Rf vs rf X rf 5 7 8 6 — — 26 30 
Among Rf X Rf cr 7 8 4 5 — — 24 30 
E-cr vs rm cr 1 4 5 2 — — 12 30 
Among E-cr 7 5 1 3 — — 16 30 
Among remainder 3 6 0 4 —- — 13 30 
Among Rf X rf cr 6 8 8 7 — — 29 30 
E-cr vs rm cr 4 6 8 4 — — 22 30 
Among E-cr 5 8 8 5 — — 26 30 
Among remainder 6 8 7 7 — 28 30 
Among rf x rf cr 3 7 7 6 (6)^' (5) 34 44 
E-cr vs rm cr 1 5 3 3 3 1 16 44 
Among E-cr 1 6 8 4 4 4 27 44 
Among remainder 1 6 4 3 6 4 24 44 
9-The maximum number of characters which can show signifi­
cance is eight. Ears/plant were analyzed only for Ml4 and 
CI 03. 
^Total number of significant characters observed for all 
inbreds and maximum possible. 
G Duplications of among subline variance and subline cross 
variance for B37 and ¥f9» but included again for comparative 
purposes. 
Differences between Hf and rf sublines were significant 
for 21 of jQ comparisons (Table 9). ^he Rf sublines were more 
vigorous in all eight C103 characters (Table 8), The Bl^-Bf 
sublines were less vigorous in three and more vigorous in one 
of seven characters. Within characters of Ml4, the Rf subline 
versions were more vigorous in two comparisons and less vigor­
ous in two comparisons. Within Oh43 characters, three char­
acters were more vigorous in the Ef sublines and two were less 
vigorous for the Rf sublines in their comparisons with rf 
sublines. 
The variation among; restorer sublines was significant for 
25 of 30 comparisons (%ble 9). Partitioning of the Rf sublines 
revealed that the S-Rf sublines differed significantly from 
the remaining Rf sublines in 18 of 30 comparisons in B14, Ml4, 
C103, and Oh43 (Table 9). The remaining Rf sublines differed 
among themselves in 22 of 30 situations. The E-Rf subline was 
less vigorous than remaining Rf sublines in 16 of 18 signifi­
cant comparisons (Table 8}. 
The variation among rf sublines was studied in all six 
inbreds. Significant differences were found among rf subline 
characters in j6 of 44 comparisons, "^he variance among Bl4rf 
sublines was non-significant for comparisons in three char­
acters. The remaining five inbreds had only one or two char­
acters in which there were non-significant differences found 
among rf sublines. 
Partitioning of the rf sublines showed that there were 23 
(4'4 possible) significant differences between E-rf and the 
reinaining rf sublines (Table 9). Again, (%ble 8) as in the 
similar Rf comparisons above, the S-rf versus remaining rf sub­
lines comparisons showed that the E-rf subline was less vigor­
ous than the remaining rf sublines in 18 of 23 instances. 
Significant differences were found 32 times (44 possible) among 
characters of the remaining rf sublines. 
It was apparent that the variation among sublines was 
attributable to; (1) differences between rf and Ef sublines, 
(2) variation among Rf sublines, and (3) variation among rf 
sublines. Contributing to the variance among both Ef and rf 
sublines were numerous differences found in the comparison of 
sublines E-Bf and E-rf with remaining Ef and rf sublines, 
respectively. Additionally, the variance among remaining Rf 
and rf sublines was significant in many cases. 
The variation among subline crosses was significant for 
nearly all characters for all inbreds (Tables 4 and 6). Sub­
line crosses were partitioned into five subdivisions: Rf x rf 
subline crosses versus Ef x Rf and rf x rf subline crosses; 
Rf X Rf subline crosses versus rf x rf subline crosses; among 
Rf X Rf subline crosses; among Ef x rf subline crosses; and 
among rf x rf subline crosses. The latter three subdivisions 
were further subdivided into the following: subline crosses 
in which subline E was represented versus sublines crosses 
which did not include subline E; among subline crosses in 
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which E was represented at least once in every cross; and 
among, subline crosses in which E was not represented. 
The subdivision of Ef x rf subline crosses versus Ef x Ef 
and rf x rf subline crosses gives a comparison of restorer 
factor heterozygotes (Rfrf) with restorer factor homozygotes 
(HfEf + rfrf}. This comparison was significant in 11. of 30 
instances, with five being in OhkJ (Table 9). In each of the 
11 significant comparisons the Ef x rf cross was more vigor­
ous than the cross within homozygotes. 
The comparison of Ef x Ef versus rf x rf subline crosses 
was significant in 26 of 30 inbred characters among the four 
inbreds having restorer sublines. The comparison of homo­
zygotes, however, reacted differently in different inbred 
backgrounds. In Bl4 and Hl4, the rf x rf subline crosses were 
more vigorous in eight of 12 significant comparisons; however, 
in C103 and Oh43 the Rf x Rf was more vigorous in 14 of l4 
comparisons. 
The variation among Ef x Bf subline crosses was signifi­
cant in 24 of 30 comparisons from four inbreds (Table 9). 
Among Ef x Ef subline crosses in which the E-Ef subline was 
crossed with other Ef sublines, the E-Rf subline was less 
vigorous in its crosses than the remaining Rf sublines in 
their crosses in 10 of 12 instances (Table 8). Variance was 
significant in many cases among subline crosses in which E-Ef 
was a member and among the remaining Ef crosses. 
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The variance among- Rf x rf subline crosses was signifi­
cant for 29 of 30 comparisons in four inbred.s (Table 9). 'T'he 
E-rf X rf subline crosses were less vigorous when compared 
with other Rf x rf crosses in 12 of 12 significant comparisons 
in 514 and CIO]. Conversely, E-Ef x rf subline crosses were 
more vigorous in four of six significant Ml4 comparisons and 
two of four significant Oh43 comparisons {Table 8), A high 
percentage of the comparisons for the various characters were 
significant among E-Rf x rf crosses and among remaining Rf x 
rf crosses. 
The comparisons among rf x rf crosses were common to all 
six inbreds. Differences among rf subline crosses were signif­
icant for nearly all characters of all Inbreds except Bl4, in 
which only three characters showed significant differences 
(Tables 4- and 9), The subdivision, E-rf x rf subline crosses 
versus remaining rf crosses, was variable in its reaction 
among the inbreds. In this subdivision, the E-rf subline was 
less vigorous in 11 of I6 significant comparisons (Table 8) 
with remaining rf crosses. More than one-half of the total 
characters were significant for the variance among E-rf sub­
line crosses and among remaining subline crosses. The three 
subdivisions of tne TlA'-rf subline crosses exhibited little 
significant variation in character comparisons. 
For all types of subline crosses, the E-Rf and rf sublines 
in crosses were less vigorous than the other Rf and rf sublines 
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in crosses in 35 of 50 instances where differences were sig­
nificant. This comparison differed in its response from one 
inbred to another. In general, the inbred. El4 was less vari­
able than the other inbreds for crosses among rf sublines. 
The sublines versus subline crosses single degree of 
freedom comparison determined if there were any heterotic re­
sponses derived from crossing sublines of the same inbred. 
The comparisons of sublines with subline crosses were signif­
icant in 35 of 44 cases (Tables 7 and 9)« Subline crosses of 
Wf9 failed to show heterosis in four characters, but subline 
crosses were heterotic for most characters of the remaining 
five inbreds. Theoretically, if sublines of an inbred were 
identical, there should not have been any heterosis associated 
with their crosses. Heterosis was positive, i.e. earlier 
silking and larger character values, in 34 of 35 instances 
('?able 3), Only 100 kernel weight of Wf9 was greater for the 
sublines than for the subline crosses. Possibly, chance devia­
tion and sampling: error were responsible for this singular re­
sult. Another possible explanation is that 'if9 kernel weight 
may have increased wh.en the vigor of the other characters de­
creased. Kernel weial'-'t of Wf9 subline S was greater than the 
weight of other sublines in seven of eight comparisons witb 
sublines in A, C, and D, as shown in a later study (Table 
12). Although kernel weight was higher, the other characters 
of Wf9 subline E were generally less vigorous than those of 
sublines A, B, C, and D (•"'able 12). 
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The number of increds which had significant differences 
for sources of variation from analysis of variance of each 
character can be observed in 'Table 4. In reneral, all char­
acters appear to exhibit about the same mixiber of significant 
differences vrhen compared for all Inbreds, Ears per plant 
I'.-ere not analyzed for four Inbreds, and therefore, are not 
comparabl e, 
The number of characters for each inbred whicli had sig­
nificant differences for sources of variation from an analysis 
of variance of sublines and subline crosses is shovm in Table 
9. The analysis of variance of CI03 entries had more char­
acters which exhibited significant variation than the analysis 
of any other inbred. This was not surprising because many 
differences in C1Q3 sublines were visually discernable in the 
field. The 514rf sublines, along with the El4rf x rf subline 
crosses, appeared to be the least variable of any inbred. There 
does not appear to be any trend for more recently released in­
breds to be the least variable. Comparing variation among 
different inbred lines may not be valid because genotype x 
environment effects may be dissimilar. Also, Oh43, Ml4, and 
¥f9 were grovna in 1964 and Bl4, C103, and B37 were grovm in 
1965. Environmental conditions for plant growth and ear 
development were less favorable in 19^5 than 1964. 
Means and ranges for sublines and subline crosses of each 
Inbred are presented in Table 10, Wide mean ranges were noted, 
Table 10. Means and ranges for sublines and subline crosses of each inbred 
Subline and Silk Plant Ear Tassel Ear Kernel Yield Ears/ 
subline crosses date height(cm) height(cm) br no length(cm) wt(gms) (g/plant) plant 
B14 s mean 35.5 142.2 56.2 9.6 16.5 69.6 78.7 
B14 s rng 34.4-36 .5 136.2-145 .1 50.2-58, .3 8.6-10.5 15.3-17, .1 65.1-73. .6 74.6-99.2 
B14 s c mean 35.4 146.5 58.4 10.0 17.0 71.4 97.5 
B14 s c mg 34.4-36 .6 139.0-150 .8 55.0-62 .7 8.9-11.1 15.8-17, .7 66.3-75, .8 80.7-112.4 
M14 s mean 29.0 115.7 48.8 11.8 17.1 21.5 99.4 1. 42 
M14 s mg 27.0-30 .5 107.5-122 .2 46.5-52 .2 8.2-13.8 15.3-19, .6 21.0-22 .5 84.4-120.2 1. 15-1.73 
M14 s c mean 28.2 122.0 50.8 12.3 18.0 21.7 123.7 1. 42 
Ml4 s c rng 26.6-29 .5 109.3-129 .9 48.1-54 .3 8.7-14.5 16.3-19 . 6 19.3-23 .3 96.0-142.3 1. 11-1.90 
C103 s mean 36.4 149.5 54.9 12.0 15.6 68.6 60.3 0. 82 
CIO3 s rng 33.3-38 .8 131.5-156 .9 47.8-60 . 6 10.8-12.9 13.9-17 .2 62.1-77 .7 37.4-93.8 0. 54-•1.00 
C103 s c mean 35.4 156.5 56.8 12.3 17.4 68.9 87.0 0. 93 
C103 s c rng 32.8-40 .0 141.7-165 .7 43.8-64 .1 9.8-14.1 13.6-18 .7 57.6-79 .6 36.4-114.0 0. 62-•1.00 
Oh43 s mean 25.1 122.9 40.4 8.4 17.5 24.6 113.3 
Oh43 s rng 24.5-26 .5 114.8-130 .7 37.5-45 .6 6.4-10.6 15.6-18 .3 23.2-26 .6 101.5-126.2 
Oh43 s c mean 24.4 127.0 41.6 9.1 18.2 25.2 132.4 
Oh43 s c rng 23.4-25 .6 114.7-139 .0 36,4-45 .9 7.2-11.1 17.4-19 .1 23.6-26 .0 117.6-144.2 
B37 s mean 35.4 152.0 60.9 6.3 15.3 80.0 78.3 
B37 s rng 34.3-36 .4 147.9-158 .2 59.3-62 .7 4.2-7.6 14.8-16 .5 74.5-81 .8 67.3-89.0 
B37 s c mean 35.3 156.9 65.9 6.6 15.9 81.5 87.9 
B37 s c rng 34.6-36 .3 152.6-160 .3 64.9-67 .5 5.6-7.5 15.2-16 .6 77.7-83 .8 76.2-96.9 
Wf9 s mean 31.8 157.9 67.8 18.3 14.4 26.4 86,3 
Wf9 s rng 30.9-33 .0 153.6-160 .7 65.0-71 .6 17.8-18.8 13.7-15 .1 24.7-28 .0 83.7-93.7 
Wf9 s c mean 31.1 157.5 67.8 18.7 14.3 25.3 93.4 
Wf9 s c rng 30.7-31 .4 153.5-161 .2 63.7-70 .2 18.0-19.6 13.9-14 .9 23.9-27 .2 89.2-97.1 
particularly for vielc^,, Ee.rp ner plant for sublines of M1 4 
ranged from 1.15 1 .73 or r for ^•? frovr-. ^. 5^'- '"'o 1,^^. 
Prrplir.r rltrir Wf9 SiablirtAr 
''"-r 'r'nblinr^f? --pre rub-FPrnnle^ m"!-' '"he -n^n. ^- (-r'--
eubllnee) thus obtained were co"nearer? in rnlit-olot, reoll-
c&tef 9xp«-r.iment5!. It was acRumed prior to the e^u^y tvat 
publir- E which h?.:'' been maintained relf-polliration in 
ear-to-row progenies woul" be the leapt variable of the five 
l.'fO rublines. ''^he variation pro -"enier of each yfO sub-
lire war compared witcu'"line ^ upin^ •? one-tailed test. 
Analyses' of variance for nil characters for 19^4 and 
are presented in Table 1 , different samples were used each 
year. Subline means and ran-es for sub-sublines within each 
subline are shown in ""able 12. Means of agronomic characters 
of sub-sublines which were recorded as havinc some plants which 
possessed yellow-striped leaves in 1964 are presented in Table 
13. No striped plants were detected in 196$, Means for seven 
characters of all sub-sublines rrorai in and 19^5 are pre­
sented in the Anpen'-iiy. 
The (a) and (b; error terms were ^^nerally hirher in 19'^5 
than 1964, ^his increase was a reflection for the less favor­
able 1965 environmental conditions, including greater soil 
variability caused by excess water. 
The differences amonpr sub-sublines ("'able 11) within each 
subline were significant for a majority of characters in both 
Table 11. Mean squares of the within subline variance of ¥f9 sublines A, B, C, and D compared with 
Wf9 subline E (ear-to-row 
Source df Silk Plant Ear Tassel Ear Kernel Grain 
date height height br. no. length weight yield 
- - - - • -
1964 mean squares 
Replications 9 52.55 1518.66 625.49 46.57 3.08 62.02 22.94 
Sublines 4 135.00** 1741.81** 2162.10** 59.21 77.24** 313.53** 40.17** 
Error (a) 36 1.39 273.78 93.55 27.12 1.78 18.76 7.10 
Within sub A 19 4.75**a 274.90**a 103.77** 4.18** 2.25**a 4.88*-*a 526.07**b 
Within sub B 19 4.35^ *a 260.52**a l49.07**b 8.78**a 5.12**a 8.00** 1910.21**a 
Within sub C 19 0.51 b 29.67 a 26.32* a 3.37** 1.74**a 6.90**b 97.13 b 
Within sub D 19 2.12**b l85.4l**b 130.60**b 6.09^*b 1.69**a 9.60''"'" 390.77** 
Within sub E 19 1.10 87.56** 72.15** 2.85** 0.49 13.51** 237.81 
Error (b) 855 0.94 26.75 16.48 0.51 0.63 2.28 189.50 
1965 mean s quares 
Replications 9 3I&.67 3254.10 1375.74 4.55 18.07 3629.13 19599.75 
Sublines k 217 . 00-"^- 1932.51** 3142.57** 12.98** 36.87**- 742.44* 1399.09 
Error (a) 36 22.00 309.28 111.37 1.03 3.55 246.61 1466.70 
Within sub A 19 9.59**a 249.11**a 109.35** 30.68**a 1.04* 122.13*-" 541.46** 
Within sub B 19 4.11*-% 92.17** 49.58** 37.58**a 0.85 29.45 a 516.13** 
Within sub C 19 4.o6**b 94.15** 37.87**b 11.25** 1.20** 34.50* a 307.92* 
Within sub D 19 4.72**b 109.37** 55.01** 8.51** 1.19** 91.76** 301.88* 
Within sub E 19 2.15 62.66** 79.67** 11.04** 0.67 114.07** 312.40* 
Error (b) 855 1.79 28.30 13.35 4.26 0.59 18.75 168.52 
^Significant at the 5^^ level. 
^^Significant at the 1/j level. 
A significant difference is denoted by a at the 1'/; level and b at the 5/^ level. 
Table 12. Means and ranges of characters of 20 sub-sublxnes within five ¥f9 sublines grown at 
Anies in and I965 
Subline Silk Plant Ear Tassel Ear Kernel Grain 
date height (cm) height (cm) br. no. length(cm) wt(gms)^ yield 
A mean 1.96k 
A range 1964 
A mean I965 
A range I965 
B mean I964 
B range 1964 
B mean I965 
B range I965 
C mean I964 
C range 1964 
C mean I965 
C range 1965 
D mean 1964 
D range 1964 
D mean I965 
D range 1965 
E mean 1964 
E range 1964 
E mean I965 






























































































































Denotes 100 Kernels ' in 1964 and 300 in 1965. 
Table 13. Character means of 1954 ¥f9 sub-sublines which exh'b'ted striped leaves compared with 
subline means and ranges 
Sub- Sub- Percenta Silk Plant Ear Tassel Ear Kernel Yield 
line subline striped date height(cm) height(cm) br.no. length(cm) wt(gras) (g/plant) 
A 3 14.0 33.4 136.2 62.7 16.1 14.1 24.2 69.9 
A 12 1.0 34.7 146.0 63.- 14.9 13.R 23.9 67.4 
A 19 1.0 33.5 156.2 71.3 14.6 14.9 23.9 84.5 
A Mean 33.8 151.6 67.2 15.3 14.6 24.3 79.6 
A Range 32.8-35.3 133.2-160.7 61.9-73.k 14.2-1 '. 13.'--15.3 23.1-25.1 64.0-90. 9 
B 2 1.0 33.6 149.7 61.9 17.4 14.0 27.5 74.5 
B 16 33.0 33.4 137.1 55.4 16.2 13.4 28.1 68.5 
B 18 1.0 35.3 139.3 49.6 13.9 11.6 25.7 35.0 
B 19 2.0 34.9 l4l-. 5 51.5 14.6 12.1 24.6 44'. 0 
B Mean 33.4 • 150.0 • 60.4 • 15.3 • 13.0 27.1 77.1 
B Range 32.4-35-3 137.1-157.5 49.6-65.0 13.9-17. 0 11.6-14.4 24.5-28.4 35.0-90. 0 
C 3 11.2 31.9 147.1 59.9 16.3 14.5 25.7 70.4 
C Mean 32.0 149.7 61.9 ' 15.6 • 14.6 24.6 83.2 
C Range 31.5-32.4 147.1-152.6 5^ .9-64.9 14.7-16. 7 13.8-15.4 23.4-26.5 78.1-88. 9 
D 6 23.9b 32.2 149.1 64.3 16.2 15'. 0 25.2 90.5 
D 13 2.0 32.0 150.2 62.9 14.6 14.2 24.9 76.8 
D Mean 32.1 , A54. ^5 ' , 66. 15.0^  ,15.0 , 25.1_ 8v.7 
D Range 31.1-33.5 146.3-162.4 59.0-77.0 13.9-17. 0 14.2-15.6 23.4-27.1 72. -$9. 0 
E 1 1.0 32.3 149.4 61.2 15.5 13.5 25. ' 86.1 
E 12 15.2 32.7 139.9 56.7 15.4 13.0 26.2 79.3 
E Mean 32.3 145.5 60.2 15,1 13.5 26.6 ' -4.4 • 
E Range 31.6-32.7 139.9-151.0 55.5-64.' 14.0-15. 8 13.0-13.9 24.3-29.6 ro
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P^ercent of plants which liad vis bly striped leaves. 
P^ercent albino seedlings (lethal); non-albinos used for character data. 
years. The variance among sub-sublines was tested against the 
pooled error term (error b) combined for five sublines in which 
homogeneous error terms were assumed. The S subline showed no 
significant differences among its sub-sublines in only five of 
comparisons in both years. The differences among characters 
of 3 and C sub-sublines were non-significant for two and three 
comparisons, respectively. The differences among sub-sublines 
of A and D were significant for all comparisons. 
Mutation of genes which influence quantitative characters 
is one explanation for the variance found within sublines. 
Mutations were assumed to have occurred during inbreeding and 
maintenance. Kewly arisen, mutant genes were either lost or 
subsequently fixed in the homozygous state. Some loci would 
have been heterozygous when the lines were obtained for this 
study, nutation would account for most of the variation in 
subline E because it had been maintained continuously by self-
pollination in ear-to-row progenies since WfÇ's release in 
I93B. Both mutation and residual heterozygosity would influ­
ence variation within sublines A, 3, C, and D. If \îf9 had a 
few heterozygous loci when it was released, then maintenance 
by controlled self-pollination and bulking of seed would pro­
duce a heterogeneous population of homozygous genotypes. 
The variation within A, B, C, and D sublines was signifi­
cantly greater than within subline E for 4l percent of the 
comparisons. Although the variation was generally greater in 
the A, B, C, and D sublines, 18 percent (nine comparisons) of 
the comparisons were significantly lower in variance than 
subline S. 'i^he nine comparisons which where significantly 
smaller involved eit'",er characters of subline C or Icernel 
weig'ht in 1964 and 
Kernel weight variances were smaller for sublines A, B, 
C, and D than for subline S in seven of eir-ht comparisons for 
19^4 and 19^4, ^his reversal of the trend present in other 
characters can be partially explained by comparing the means 
and variances for each character of each sub-subline. The E 
subline mean was greater for kernel weight (Table 12) than 
the means of the other sublines In seven of eight comparisons 
If other character means are observed, it is noted that sub­
line E usually had the smallest mean as well as the smallest 
variance. The comparison of means and variances for yield 
seem to follow no pattern. Although, theoretically, the mean 
and. variance should not be correlated., it seems apparent in 
this study that the means and variances were correlated for 
kernel weight, and several other characters. 
Subline C in 1964 had mean squares which were either 
lower or comparable to the subline E mean squares for several 
characters. One partial explanation for this trend is 'ore-
sented in Table 13. Subline C had only one striped progeny, 
•'^•le character means for the one progeny ( suAo-subline) of C 
were all similar in value to the character means of subline G 
Tlie character means of sub-sublines A-3> A-12, B-18, 
3-19, D-13, and. E-12 indicate that these sub-sublines were 
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often the cause of larger mean squares than Kould have been 
ejrpected. if they had not been present anion;-; the sub-sublines. 
In subline B it is obvious that sub-subline s E-16, 2-18, and 
1-1? reatly influenced the increase of character variance 
beyond the variance which would have been found in their 
absence. 
Striped, plants were not observed in 19c5. Leaf stripinr 
would then appear to be a threshold type of .genetic phenomenon 
because the environments were different in the two years, "•"'his 
explanation is discounted, 'lowever, because remnant seed of 
some of the 1.964 striped sub-sublines was planted a^:aln in 19^5 
an'/ t'-e prorenies showed leaf stripinj to the same de;,ree as 
observed in 1964, 
'."lie leaf-strioin.o trait appeared to be olciotropic with 
several quantitative characters. Reduced photosynthate pro­
duction in the striped plants may have reduced che magnitude 
or such characters as plant height, ear height, yield, as well 
as delay maturity, 
formally the breeder would rorue striped plant ''off-
types'- from his nursery. No breeder would deliberately self-
pollinate such abberant plants, thus the stripe' loci must have 
been present in the nursery in the heterozygous condition. 
Seed froilt heterozygous plants which had been self-pollinated 
would be used either to produce single crosses or to maintain 
the inbred line, ^he abberant striped olants miylit not be 
roj^ied in a crossing block for single cropsee. Consequently, 
Quantitative characters of counercial hybrids might be af­
fected, Admittedly, this sinrle example would probably be 
nearly ne.rlirible in its influence upon the total production 
of a field of corn; however, it points out what rair.h.t happen 
if several more subtle chanres would occur in an inbref and be 
passed on to its progeny. Thus, the sub-sublines which had a 
few striped leaves were retained in the analysis of variance 
of aiiion-:,: sub-sublines in 1964. They were considered to be 
biolo; leal realities which had occurred beyond the best efforts 
of the breeder to prevent them. 
Subline '"estcrosses 
Results are presented for crosses of inbred sublines with 
three unrelated inbred testers. Yield and percent moisture 
were the only characters for which analyses of variance were 
calculated. Only combined analyses for subline testcrosses of 
s i x  i n b r e d s  a c r o s s  t e n  e n v i r o n m e n t s  a r e  i n c l u d e d  ( T a b l e  I k ) ,  
Analyses of variance and means for individual locations in each 
year are presented in the Appendix. Restorer (Hf) versus non-
restorer (rf) comparisons and subline E versus remainin.ft' sub­
line (Hf and rf) comparisons are described in Table 15. Means 
and ranges are presented in Table l6. Significant differences , 
totaled for all inbreds, are presented in %ble 17 for sources 
of variation. Comparisons of yield means of sublines per se 
Table 14. Combined analysis of variance and orthogonal com­
parisons for testcrosses of sublines of six inbreds 
gro'wn at ten environments 
Source of 
variation 





Environments 9 ** 9 •sf •si­ ** 
Error (a) 10 10 
ns® Testers 2 iv -îî- 2 ns 
Env X test 18 -«•-A 18 ns ** 
Error (b) 20 20 
Sublines 8 8 ** 
Hi' vs rf 1 ns ns 1 ns ** 
Amg Rf 4 ns i:- 3 •3H;-
E vs rm 1 ns ns 1 ns 
Amg rm 3 ns •3:- 2 i!-* ** 
Amg rf 3 * ** 4 
E vs rm 1 ir •Jr 1 ns •in; 
Amg rm 2 ns ns 3 * «-•îr 
Env X sublines 72 ns îî- 72 ns 
Env X Ef vs rf 9 ns 9 ns 
Env X Amg Rf 36 ns ns 27 4:- ** 
Env X E vs rm 9 ns ns 9 ns 
Env X Amg rm 27 ns ns 18 % iH:-
Env X Amg rf 27 ns ns 36 ns ns 
Env X E vs rm 9 ns 9 ns ns 
Env X Amg rm 18 ns ns 27 ns ns 
Testers x sub 16 ** 16 ns •5Î-;:-
Test X Rf vs rf 2 2 •ÎÎ- * 
Test X Amg Rr 8 ns 4S-;r 6 ns ns 
Test X E vs rm 2 ns ns 2 ns ns 
Test X Amg rm 6 •5i- •ÎHfr . 4 ns ns 
Test X Amg rf 6 ns 8 ns 
Test X E vs rm 2 ns 2 ns ns 
Test X Amg rm 4 ns «• 6 ns 
Env X test x sub 1# ns ns 144 ns ns 
Error 240 240 
^Denotes non-significance. 
^Significant at the 5/^ level. 
^••"•Significant at the \% level. 
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Table l4 (Continued), 
Source of df 0103 Oh43 
variation Yield Percent Yield Percent 
moisture moisture 
Environments 9 -x- % if •ît-j;-
Error (a) 10 
Testers 2 ns •sr-ïc" 
Env X test 18 •îî-^ r 
Error (b) 20 
Sublines 7 •K-
Hf vs rf 1 i:' ir ns iC—It 
Amg Rf 2 ns 
Amg rf 4 •ît-» ** 
E vs ABCD 1 %- X* ns •Ît-Jc 
Amg ABCD 3 % 
Env X sublines 63 ** i!—"• ns 
Env X Bf vs rf 9 ir-X- ns ns 
Env X Amg Rf 18 ns ns ns 
Env X Amg rf 36 •ji ns ns ns 
Env X E vs ABCD 9 ** ns ns ns 
Env X Amg ABCD 27 ns ns ns 
Test X sublines 14 ** 
Test X Rf vs rf 2 ns ns ns 
Test X Amg Rf 4 ns ** * 
Test X Amg rf 8 ns 
Test X E vs ABCD 2 ns •If ns 
Test X Amg ABCD 6 ns ns 
Env X test x sub 126 *4:- ns ns 
Error 210 
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Table 14 (Continued). 
Source of 
variation 
df B37 Wf9 
Yield Percent 
moisture 
Yield . Percent 
moisture 
Environments 9 •îc-j;- -ÎÎ-X-
Error (a) 10 
Testers 2 ns ns 
Env X test 18 if* 
Error (b) 20 
Sublines 4 ns ns 
E vs ABCD 1 * •ÎH;- ns ns 
Amg ABCD 3 ns ns i:-
Env X sublines 36 ns ns ns ns 
Env X E vs ABCD 9 ns ns ns ns 
Env X Amg ABCD 27 ns if: ns ns 
Test X sublines 8 ns ns ns ns 
Test X E vs ABCD 2 ns ns ns ns 
Test X Amg ABCD 6 ns ns ns ns 
Env X test x sub 72 ns ns ns 
Error 120 
with yields of subline testcrosses are presented in %ble 18. 
Comparisons of yields of Kl4 and CIO3 sublines and subline 
testcrosses with the numbers of ears per plant of each subline 
are presented in Table 19. 
SiL'-nificant differences among environments were found for 
"rain yield and moisture for all inbred lines (Table l4). 
Significant differences among testers were obtained for percent 
moisture in all inbreds except 1114, but yield differences anonr 
testers were found only in the experiments with Bl4 and Oh43. 
Table I5. Descriptions of statistically significant comparisons found in the 
analysis of subline testcrosses®-
Compari sons Inbred subline testcrosses 













Bf subline no, 5 5 4 3 3 3 3 ne ne ne ne 
rf subline no. 4 4 5 5 5 5 5 5 5 5 5 5 
Rf sub vs rf sub ns ns ns - + - ns - ne ne ne ne 
Amg Rf sub; E vs rm ns ns ns + ne ne ne ne ne ne ne ne 
Amg rf sub: 2 vs rm + + ns + - - ns + ns + ns ns 
9-Vigor of member of the comparison listed on the left, when the mean is 
larger, is designated by (+) and when smaller (-). Non-significance is denoted 
by ns. Not evaluated is denoted by ne. 
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Table l6. Grain yield and percent moisture means and ranges 
for subline testcrosses combined over three inbred 
testers and ten environments^ 
Inbred in Yield (cwt./acre) Percent moisture 
testcrosses Mean Bange b Mean Bange 




M14 57.0 52.7-59.1 
(D-Bf)(A-Bf) 
21.9 21.0-22 .6  
(D-Bf) (D) 




Oh43 61.5 60.5-63 .2  
(B-Bf) (A) 
21.6  21 .0-22 .2  
(A-Bf) (E) 
B37 64.3 63.4-65.8 
(C)  (D) 
22.9 22.6-23.2 
(B) (E) 




8'Sublines are significantly different in all cases 
except for B37 and Wf9 yield. 
bSublines located on the range extremities are listed 
in parentheses. 
Small mean differences among testers or significant interac­
tions of testers z environments were responsible for non­
significant F values for testers. The testers x environments 
interactions were caused by changes in the magnitude of differ­
ences among tester means in different environments or by 
changes of tester rank in different environments. The main 
interest in this study was not in the effects of environments, 
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Table 17. The number of inbreds whose testcrosses show 
significance in an analysis of variance of yield 
and percent moisture 
Source of Maximum Grain Percent 
variation possible no. yield moisture 
Sublines 6 4 6 
Rf sublines x rf sublines 4 1 3 
Among Rf sublines 4 2 4 
S vs remainder 2 0 1 
Among remainder 2 1 2 
Among rf sublines^ 6 4 6 
E vs remainder 6 3 5 
Among remainder 6 3 5 
Environments x sublines 6 2 3 
Environments x Rf vs rf 2 2 
Environments x Among Rf 4 2 1 
Environments x E vs rm 2 0 1 
Environments x Among rm 2 1 1 
Environments x Among rf 6 1 0 
Environments x E vs rm 6 1 1 
Environments x Among rm 6 1 1 
Testers x sublines 6 j 4-
Testers x Rf vs rf 4 3 2 
Testers x Among Rf 4 1 3 
Testers x E vs rm 2 0 0 
Testers x Among rm 2 1 1 
Testers x Among rf 6 2 3 
Testers x E vs rm 6 2 1 
Testers x Among rm 6 2 2 
Environments x testers x 
sublines 6 1 2 
^Duplication of among subline variance for B37 and Wf9 
but included again for comparative purposes. 
Table 18, Comparison of mean grain yields of sublines per se with sublines in testcross combination 
Subii ne B14 M14 C103 0h43 
desi gna- Sublines Testcrosses Subiines ; Testcrosses Subiines Testcrosses Subiines Testcrosses 
tion (g/plant) (cwt/acre) (g/plant) (cwt/acre) (g/plant) (cwt/acre) (g/plant) (cwt/acre) 
A-Rf 79.5 61.1 97.3 59.1* 93.8* 64,6® 101.5® 62,9 
B-Rf 82.9 59.7 102,5 58.4 76.6 61.6 113.4 60,5 
C-Rf 99.6 59.2 — — — — — 
D-Rf 96.4 60.3 108,3 52.7 78,5. 61,5 109.3 61,2 
E-Rf 74.6b 60.3 95.9 57.5^  37.4b — 107.1 
A 88,5= 60.8= 84.4= 56.9 42,2 55.1^ 126.2= 63,2= 
B 83,6 60.5 86.9 58.5 50.0 62.7 121.1 61,6 
C 98.0 55.9 52.7 6l .6 117.3 60,7 
D 95.5. 59,3^ 101.4- 55.7 56.5 61.5 . 120.0 . 61,6 
E 79.7^ 57.Sd 120.2° 57.8 54.4 54.8^  103.6^ 60,6 
B37e Wf9® 
A 88,9= 64.3 76.1 = 61.9 
B 75.4 64.1 87.8 62,2 
C 71.1 63.4 83.7 61,9 
D 89.0 . 65.8j 93.7 62,0 
E 67.3d 63,7^ 90.0 62,0 
^Variation among Rf sublines or Rf subline testcrosses is significant. 
Subline E-Rf or subline E-Rf testcrosses differ significantly from remaining Rf sublines or 
subline testcrosses, 
^Variation among rf sublines or rf subline testcrosses is significant. 
Subline E-rf or subline E-rf testcrosses differ significantly from remaining rf sublines or 
subline testcrosses. 
®B37 and Wf9 testcrosses are the only groups in the table in which there is not a significant 
difference among the sublines or subline testcrosses listed. 
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testers, or their interaction, but rather in differences among 
testoro9?e? of subline? and interaction of publir"^p '"i ' 
testers and environments, 
Si^.Tiificant differences were found amonc subline test-
crosses for percent moisture for all inbred.s and for yield, in 
all but uf9 and 337 subline testcrosses. Significant differ­
ences iiere found among Hf sublines testcrosses of each inbred 
for moisture, but only in Ml4'- and CI.^3 were there significant 
yield differences amon- the P.f subline testcrosses. 
'"'lie tifo subdivisions of the variance among P.f subline 
testcrosses of and 1-114, E-P.f subline testcrosses versus 
remaining; subline testcrosses and amonr remaining Hf subline 
testcrosses, are presented in "able l^î-. ?he E-Bf subline test-
crosses in M14'- rere significantly higher in percent moisture 
than the remaining Rf subline testcrosses (Table 15). Among 
the remaining Rf subline testcrosses, significant differences 
were found for percent moisture in 314 and. Ml4 sublines and 
for yield in Kl4 sublines. 
Significant differences were found among rf subline test-
crosses for percent moisture in all inbreds and for yields in 
all except 237 and l'If9 (Tables l4 and 17). The comparisons 
of S-rf subline testcrosses with remaining subline testcrosses 
were significant for three and five inbreds for yield and 
percent moisture, respectively (Tables 1^ and 17). Among 
the rf subline testcrosses of A, C, and "n (or A, B, and D 
for 514), significant differences in yield and percent moisture 
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were obtained for all inbred lines, except for yield in 314, 
337, and Wf9 and percent moisture in nl4. 
Orthogonal comparisons of Ef versus rf subline test-
crosses for yield in four inbreds revealed only one significant 
F value. The Cl03Rf subline testcrosses yielded more than the 
Gl03rf versions (\'able 15). It was shovni in the earlier sec­
tion on subline evaluation that ClOlRf sublines oer se yielded 
more than C103rf sublines per se. In all three cases where 
percent moisture comparisons differed between Ef and rf sub­
line testcrosses, the Rf versions were significantly lower in 
moisture percentage ('^able 15). 
^he environments x sublines interactions were significant 
for five of 12. comparisons ("tables l4 and 17). Significant 
environments % sublines interactions, and subdivisions were 
the most common in lil^ and CIO3. The environments x sublines 
interactions and subdivisions will be discussed for Ci03, on^y, 
as the reasons for the H14 interactions were quite similar. 
Examination of means reveals that the interactions of C1G3 sub­
lines with environments were caused by differential magnitudes 
of differences between members of the comparisons. For example, 
the grain yield means at Ute and Hampton in I965 for A-Ef, 
3-Rf, D-Rf, and E-Rf sublines of CI03 were as follows, in 
order; Ute - 67.6, 68.1, 66.3, and 59.S ; and Hampton - 6I.I, 
59.5, 63.0, and 46.9. The same explanations apply to the sig­
nificant interactions of rf sublines and environments. The 
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cause of the significant environments r sublines interaction 
for percent moisture in CI03 can be attributed to the signifi­
cant interaction of Cl-3nf sublines versus C103rf sublines 
v'i th environment s. 
Soiae sii, .nifleant tester x subline Interactions, and 
orthogonal partitions, (' '"able 14) i-rere obtained because of dif­
ferent rankings of the sublines by the testers, or because 
differences of performance anon;, tlve sublines were of varying. 
:r.a;nltu/ies for the testers. For exahiple, the yield means for 
subline test crosse s involving: testers "Vl', ^53» and A257 for 
A-Tif, .""-llf, an-^ sublines of CliPj rere as follows, in 
order: 34' '  -  -3.9, ^•5«5? and 63.4; "53 - 61.3, 5'' • 5> and 
58.?; aad A257 - 63.6, 29.5, and 61.3. I7o significant P 
values were found for testers y sublines, an:'  orthogonal 
partitions, for yielr '  and nolstui 'e in ":37 anf '.'fo ( "able l4). 
"he environments x testeis :: sublines interactions are 
presented in ables and 17, Three of 12 analyses of yield 
and percent moisture were significant for these interactions. 
The three factor Interactions Indicated that there were differ­
ential responses of the sublines associated with testers and 
environments which were not accounted for by the sublines x 
testers or sublines x environments interactions. The three 
factor interactions were not partitioned into subdivisions 
because further subdivision would have been relatively mean­
ingless for the Intent of this study, even if significant dif­
ferences may have appeared. 
ileans anf ranges for subline testcro sses of all inbred s 
are presentee' in Table 16. Sublines (Zf and rf) from source 
A in testcross combination were the top yielding subline 
testcrosses In four of sii: inbreds. The range in yields, 
particularly among and CI03 subline testcrosses, was great 
enou^ih to be of biologic and economic significance. The mois­
ture percentage differences among sublines of each inbred 
were generally different by only tenths of one percent. The 
ma^cimuia range was 1.6 percent for the ill'i subline testcrosses. 
This maximum difference might represent an additional three 
to seven days which would be needed for field drying in the 
fall.  However, most subline testcrosses differed very little 
in percent moisture, and, even though statistical significance 
was found among subline testcrosses for all inbreds, the mean 
differences would be of no practical Importance at harvest. 
More practical significance would be connected with differ­
ences at silking time. Significant differences among subline 
testcrosses for moisture percent at harvest indicated that 
there probably had been significant differences at silking. 
Two or three days difference at silking are critical in many 
years for seed producers and farmers. 
Comparisons of yield means for sublines per se and sub­
line testcrosses are shown in Table 13. Sublines of Ml4, 
Oh43, and Wf9 were grown in 1964 and 314, G103, and 337 sub­
lines were growi in 196^. Subline testcrosses were grow-i at 
five locations in both years (ten environments). Therefore, 
81 
environments are confounded r-ât '" yield resoonse in these com­
parisons, "he E-rf m.hline of and s-Bf subline te st­
ore s see of B14 were bo-i-'-^ si^-nifican.tlv lovrer in yield tban 
the re^alnln,^ ?l4rf sublines and subline ^estcrosses. Yields 
of A-?.f and A-rf subline tes^crosses for the different inbreds 
were .generally either the hirhes'!" or quite favorable when cora-
oared witi". yields of the remaining If and rf subline test-
crosses ('i 'able IS). The yields of sublines per se of source A 
(eycludino: 11.4 A-Pf, 0103 A-Hf, Oh43 A-If, and B"7 A-rf) were 
generally loi-rer than many comparable Bf and rf sublines of 
other sources, '^he reasons for the consistently fine oerform-
ance of sub], in es A-Hf and A-rf in test cross combinations are 
not evident here, '^his experiment v-as desi.rned only to deter­
mine if there Tcere differences amonr sublines. 
It I'-.as of oar^icular interest tha^ the ' 'Jfo subline test-
crosses •'••ere nearly identical in their yield performance even 
though there rere significant differences amonr the yields of 
sublines per se. It is oecullsr t-had" the ol':^est inbred line 
in this? s^udv (released in 1938) rv>s ""'-e one whlc^ erhiblted 
the least amount of variation amon,? i ts subline testcrosses 
t o  r  y 1  e l  .  
Ar in-!-prectin,:f concsrir-nr. rf nrr riant with subline 
and subline testcross yields for Ml4 and 01^3 sublines is 
presented in "^able IQ. '"^le I I l4  E-rf subline had the least 
ears per olant and the highest subline yield of all Ml4 sub­
lines, The S-Pf subline had more ears and less subline yield 
Table 19. Comparison of mean grain yields of sublines per 
se and subline testorosses with ears per plant®' 












( cwt/a ) 




1.59 102.5 58.4 0.96 76.6 61.6 
1.43 108.3 52.7 0.93 78.5 61.5 
E-Rf 1.33 95.9 57.5 0.54G 37.4G — 
A 1.33^- 84.4& 56.9& 0.67^ 42.2 55.1* 
B 1.70 86.9 58.5 0.77 50.0 62.7 
C 1.25 98.0 55.9 0.83 52.7 61.6 
D 1.27 101.4 55.7 0.91 56.5 61.5 
E 1.15e 120.2e 57.8 0.79 54.4 54.8e 
®-Ears per plant were evaluated on the inbred sublines 
per se in 1964. 
^Variation among Rf sublines or Rf subline testorosses 
is significant. 
GSubline E-Rf differs significantly from remaining Rf 
sublines. 
&Variation among rf sublines or rf subline testorosses 
is significant. 
G Subline E-rf or subline S-rf testorosses differ signif 
icantly from remaining rf sublines or subline testorosses. 
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than its 3-rf counterpart. Testcross yields were very similar 
for S-F.f and E-rf, and. yields of S-Hf and. S-rf were not 
statistically different from remaining Hf and rf testcrosses, 
respectively. 
Sublines of C103 offered a contrast of in the rela­
tionship of ears per plant and yield, ™he contrast may îmve 
resulted because 1114 was evaluated in a ^ood growing season 
and, conversely, C103 was evaluated under drouthy conditions. 
Subline A-Hf of CI 03 had the most ears per plant (1.0) and the 
highest yields of both, sublines per se and subline testcrosses. 
It is obvious from Table 19 that subline A-Ef was quite supe­
rior to subline A of CI03. 
Sublines 3, E-Ef, and A of inbred CI03 had the lowest 
ear counts per plant, and they all were among the lower yield­
ing CI03 sublines and subline testcrosses. Apparently, there 
was a relationship for these nine CIO3 sublines in vrhich 
general vigor was related to ears per plant and yield. The 
poor testcross performance of CIO3 sublines A and E indicated 
that these two sublines differed genetically from the remain­
ing sublines. It is well known in the hybrid corn industry 
that many breeders have their ovm CI03 strains. It seems prob­
able that sources B, C, anc 0 nave upgraded their CI03 strains 
since they were obtained originally. The agreement between A 
and E subline performance for CI03 indicated that both had 
been maintained In riLic'! '  of the sane state since release. 
Ac^ltion of the Pf fector to source A -nnst have been accom­
panied by the a^fition of ot^er, favorable genes. 
^ IT bl e Crosse F 
Percent aoisture dlfferenoep vere significant amonr 
parental sources in elg-ht of nine c^ouble-cross liybrir '  combina 
tlons. Similarly, vlel: '  differences were significant in four 
of nine double crosses. '%e results of this section are pre­
sented. in %bles anr' 21 .  Analvsis of variance and means 
for yield and oercent moisture for each environment are pre­
sented. in f^e Apper. '^ir, Means for combined results for sir: 
characters c'er ••e>T are presented in the Append.! 
?hp combined analysis of variance across ten environments for 
each double cross is presented in '^.ble 2'^, Parental source 
S was compared i-rith an average of sources A, 1, C, and "C In 
seven '-"'ouble crosses. Source "R; significantly higher 
yielding than the remainin,^ sources for double cross (Wf9 x 
Ml^)(33? ?r 114) and was significantly lower yielding for 
('If9 >" Oh4l) (pi Aj, y Cl.^3) in a similar comparison. 
In the same double cross in whic^' '  source 1 was signifi­
cantly higher yielding than the remaining sublines, i t  was 
also significantly lower than remaining sources in percent 
moisture. This unique double cross, (Wf9 Ml4)(B37 z Bl4) 
from source E, would be the most desirable choice for Iowa 
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Table 20, Analysis of variance of source differences within 
nine double-cross hybrids for grain yield and 
percent moisture 
Source of®" df Significance of characters^ 
variation DC no, 1~ DC no. ~ DC no, ^  DC no, 5" 
Y. Pct,M. Y. Pct.M. Y. Pct.M. Y. Pct.M, 
DC sources 4 ns c ** ns ** ** ns •sf-jr 
E vs ABCD 1 ns ns ns ns * * ns ** 
Among ABCD 3 # ns ** «• •Sr •Ît-K-
Env X dc src36 ns ns ns ns ns ** * ns 
Error (b) 40 
DC no. 7 DC no, 8 DC no. 9 
Y. Pct.M. Y. Pct.M, Y, Pct.M. 
DC sources 4 ns ns * ** iHr ** 
E vs ABCD 1 ns ns ns ** ** 
Among ABCD 3 . ns ns if •Ji- •5f- •K-
Env X dc src36 * ns ns ns * •55-
Error (b) 4o 
DC no, 2 DC no. 5 
Y. Pct.M. Y. Pct.M, 
DC sources 3 ns •3Î- •» 
Env X do src27 ns ns ns ns 
Error (b) 30 
®The environments main effect is highly significant in all 
cases, 
^DC no. 1 - (Wf9 X B37)(B14 x G103); DC no, 2 -(Wf? x B37) 
(Oh43 X C103); DC no, 3 - (Wf9 x B37)(0h43 x Bl4); DC no. 4 -
(Wf9 X Ml4)(B37 X Bl4); DC no. 5 - (Wf9 x Ml4)(0h43 x C103); DC 
no. 6 - (Wf9 X Ml4)(0h43 x Bl4); DC no, 7 - (Wf9 x x 
C103); DC no. 8 - (Wf9 x Oh43)(Bl4 x B37); DC no. 9 - (Wf9 x 
Oh43)(Bl4 X CI03). 
cDenotes non-significance. 
^Significant at the 5^ level. 
^^Significant at the 1% level. 
Table 21. Grain yield and percent moisture means and ranges combined over ten 
environments for sources within double crosses 
Double cross Double-cross sources 
No. Pedigree Grain yield (cwt./acre) Percent moisture 
Mean Range Rank®- Mean Range Rank 
1 (Wf9 X B37)(B14 X C103) 59. 9 57.3-61.5 EEDCA 22. 5 22. 0-23. 2** DA BEC 
2 (Wf9 X 337)(0h43 X CI03) 62. 6 61.0-63.7 BDAC 22. 8 21. 9-23. 6** BCAD 
3 (Wf9 X B37)(0h43 X Bl4) 61. 1 59.8-62.9 CBDEÂ 20. 6 19. 7-21. 0** BCADE 
4 (Wf9 X Ml4)(B37 z B14) 63. 7 62.2-65.1** BCDA.E 20. 8 20. 2-21. 8** DECBA 
5 (Wf9 X Ml4)(0h43 X CI03) 62. 1 60.4-64.1* DCBA 22. 0 21. 3-23. 0** BDCA 
6 (Wf9 X Ml4)(0h43 X B14) 60. 5 58.3-62.6 DCEAB 20. 8 19. 7-•21. y-K-K BDCEA 
7 (Wf9 X M14)(B14 X C103) 61. 4 60.4-63.6 BCDEâ 22. 4 22. 1-•22. 5 CDEEA 
b (Wf9 X Oh43)(Bl4 X B37) 62. 6 60.4-65.0* CDEBA 21. 4 20. 6-•22. 3** BACDE 
9 (Wf9 X Oh43)(B14 X C103) 59. 0 55.1-63.1** ECDBA 22. 5 21. 6--23. ABDCE 
^Rank is from left to right with the smallest on the left. 
•iî-Sources were significantly different at S% level. 
**Souroes were significantly different at 1% level. 
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growing conditions. Three double crosses (nunbers ?, and 
9 as as listec in ~ables 20 and 21) from source 5 t-rere signifi 
cantly higher In percent moisture than the remaining four 
sources. Caution should be exercised in interpreting the 3 
versus remainder comparison because all of the consbituent S 
inbred s were non-restorin\, vrhereas the other four sources îïad 
one or tx-jo la inbreds and a male-sterile Vif9 inbred in each 
double-cro ss combination. 
Significant differences for yield and percent moisture 
were more frequent among A, I ,  C, and D double crosses tl.ian fo 
the comparison of the S source V'dth the A, 2, C, and D double 
crosses. Genetic variation observed araont inbred sublines 
from different sources in evaluations of sublines, subline 
crosses, and subline testcrosses have been potent enough to be 
expressed among sources of double crosses. 
Yield and percent moisture ranges in Table 21 showed dif­
ferences which were of statistical and practical significance. 
A one and one-half percent moisture difference was sometimes 
noted between sources (Table 21). A moisture difference of 
one and one-half percent would represent an important differ­
ence in date of silking, assuming there is a close correla­
tion, and would be of practical significance at harvest. 
Yield differences amonr sources ranged as high as eight 
hundredweight per acre. An eight-hundredweight-per-acre 
difference means that a farmer may be either |15,00 rich.er or 
poorer at a maximum for differences from one acre of corn be­
cause of the double-cross seed he purchased, However, the 
choice of foundation seed stock that was in the farmer's 
hybrid was by the hybrid producer. It is evident tliat the 
hybrid producer needs to exercise responsibility in his choice 
of foundation seed. Business competition will eliminate the 
producer of inferior hybrids. 
Double crosses from source À were continually top ranlied, 
or nearly so, for yield {Tahle 21). 'lOiese results could have 
been expected oecause of the similar too yields of single 
crosses (subline testcrosses) from source A, Sources A and E 
tended to be higher than others in percent moisture for many 
double-cross combinations. 
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GENERAI DISCUSSION AITD CONCLUSIONS 
^le results of this study have demonstrated that sublines 
or strains have diverged vritt.in inbred lines since the time of 
their original release. Genetic differences were indicated by 
(1) the significant differences for characters anion-; the sub­
lines -per se? (2) the heterosis found in crosses of sublines 
rithin inbreds; (?} the different amounts of genetic variance 
within different ''if9 sublines; (^!-) the differences in perform­
ance of subline testcrosses; and (5) "'"he differences found 
a'lionr parental seed sources within double-cross hybrids, lie 
bases of the significant variation armnr- sublines, subline 
crosses, subline testcrosses, and parental seed sources of 
double crosses were partially explained by the significant dif­
ferences found in the orthogonal partitions of each of the 
four ca+'erories. In ïïiany cases the ear-to-row maintenance 
method and the introduced restorer factor were found to contri­
bute to the variance amonr sublines, subline crosses, subline 
testcrosses, and parental seed sources of double crosses, but 
significant variation was found frequently in the remaining 
comoarisons. The ^e^ults of this study were consistent with 
the variation found in maize inbreds by Russell et (I963), 
Sprague et al, Fleming et al. (196^), Bu s oh and 
Russell (19"^^), and others. 
The restorer factor, and genes closely linked with the 
restorer locus, is one cause for the genetic variation observed 
amonu; sublines in the present study; however, other eiiplana-
tions are needed because of variation observed among the non-
restoring sublines. "he most probable explanations would be 
relic heterozygosity, mutation, and the introduction of genes 
from unrelated sources, "he introduction of genes from unre­
lated sources seem unlikely because this would mean the pres­
ence of hybrid plants which should be easily ro^ued out. 
Residual heterozygosity was proposed by Jones (1924) and 
Fleming- et al, as one explanation for differences among 
inbred strains. If the inbred seed stock first released by 
the originating station was not highly homozygous and homo­
geneous, then natural and deliberate selection by seedsmen 
would result in different strains among seed stock organiza­
tions. Mutations in quantitative characters have been shown 
to occur by Sorague _et (I96O) and Russell £t al. (1963). 
Consequently, mutations of small effect followed by selection 
would result in different strains of an inbred being maintained 
by several organizations. 
Genetic variability within an inbred subline, such as 
observed for Wf9 in this study, likewise can be explained by 
relic heterozygosity and mutation. Inbred Wf9 probably had 
been inbred and selected at least seven or eight generations 
before it was released in 1938. Probably some heterozygous 
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loci remained, in the Wf9 seed stock that was distributed. 
Self-pollination and bulk in,? of the seed, such as was done for 
sources A, 3, C, and D, would result in a heterogeneous mix­
ture of homozygous genotypes. Mutations of small effect which 
couid not be identifie'' easily woulf be retainer and add to 
the heterogeneity. Variation within the Iowa State strain of 
Wf9, however, does not seem likely to have been caused by relic 
heterozygosity, "^he Iowa yfÇ was self-pollinated more than 20 
generations in ear-to-row progenies before the study began. 
Consequently, essentially all heterozygosity from the original 
source should have been eliminated. Mutations seems to be the 
only explanation for genetic variability observed with the 
Iowa State Wf9 strain. 
•The leaf strioinr- phenomenon in Wf9 and the associated 
effect on quantitative characters may have been caused by a 
transposition type of pl'ienomenon, as described by Mangelsdorf 
(1958). Mangelsdorf said, "It is possible that some of the 
mutations occurring in long-inbred lines of maize are the result 
of the transposition of polygene segments originally from teo-
sinte". In general, mutations probably have been responsible 
for many of the naturally occurring variations which were 
evidenced as strain differences in this study. Mutations 
occurring after commencement of Inbreeding and continuing 
during maintenance were either fired as homozygotes or were 
still heterozygous when this study began. If mutation is a 
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primary source of new variation in an inbred line, the ear-to-
row method of maintaining an inbred should be most effective 
in controlling genetic variation within a line. The sampling 
study of variation within Wf9 sublines indicated the advantage 
of tiie ear-to-row procedure in controlling generic variation. 
There was the possibility that some of the sublines maixi-
tained by iMe ear-to-roiv method may actually have deteriorated 
in inbred performance per se, as well as in their performance 
in hybrids, since their original release. No definite proof 
was offered for this unconventional hypothesis, "^his proposal 
is consistent with the results obtained by Jones (1939) in 
which he reporte' si yielrl decline within inbreds until the 
twentieth generation. If the TnuraTdon rate of quantitative 
characters of :aalze is 2.8 mutations per character per 100 
gametes as reported by Eussell et âl» (1963), then the load of 
mutations within an inbred could easily build up over several 
generations. If many subtle mutations escaped detection during 
the selection of ears and rows to be maintained, then a gradual 
deterioration may Iiave occurred. Additionally, if the muta­
tions which arose were masked in heterozygotes which exhibited 
dominance or overdominance, then they, also, would not be 
culled. Busch and Bussell (1964J concluded that no trend ef­
fects were present iii their study for the hybrid expression 
of mutations from generation to generation. Five successive 
£-eneration.9 were compared aii '^ probably more touIA have been 
needed to establish a trend In their materials. 
Proof for the above speculation that there may have been 
deterioration in some ear-to-ror maintained inbreos would only 
be possible by comoarinr the currently maintained inbred s with 
nrorenies of the original release. In most cases, such a 
comparison is probably not oossible. Some information on 
renetic changes in inbred lines maintained over a period of 
years by continuous inbreeding in ear-to-row orogenies T-rill be 
obtained for lon^-ti^e inbred s in an eroerim.ent currently 
being conducted by the Iowa S^'a-f-e University corn breeding 
project. 
^he ear-to-row m.ethod was shoxm to have considerable merit 
in Ml 4. Apparently, thi s inbred has a strong tendency to re­
vert to the more natural prolific state of the general maize 
population. Selection may have been for a one-eared type in 
the'ear-to-row maintained strain of I'll 4 with a subsequent 
beneficial effect upon its inbred yield Per se. The situation, 
however, may have been one in which, there was little selection 
pressure against prolificacy in the ear-to-row strain. Mean­
while, the other sources may liave developed prolific strains 
by deliberate or natural selection, '^le reason that the one-
eared strain yielded better may have had a ohysiolofical basis. 
If a stress occurred at a critical time, the one-eared plants 
may have yielded more than t '-ose plants which trie'^ to produce 
a second ear and were oartially successful. Apparently, the 
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one-earer], tjrpe and hirh ylelis were correlated, although selec­
tion may have been ind.eoendent for both characters. 
""he speculated deterioration of inbred performance be­
cause of the ear-to-row maintenance method "nay have no founda­
tion. '^ h.e situation may in fact be one in which the ear-to-
row sublines have maintained the status ouo while the other 
sublines have ^ ad beneficial renes incorporated into their g-eno-
tyjpes during backcrossin^ for introduction of the restorer fac­
tor. It is Itnorm that the breeders at some seed sources have 
attempted to develop their o'-m inbred strains by reselection in 
the release-:"! inbred lines. It seemed apparent in some cases, 
in which the restorer version of a subline excelled over the 
non-restorer version from the same seed, source, that desirable 
renes in addition to the ?,f rene must have been introduced, 
i.e. C1Q3 A-Ef versus CI03 A-rf for yield. 
In the  non-restorer subline testcrosses, the E-rf subline 
testcrosses were significantly lower yielding than the remain­
ing- subline testcrosses in three of sly inbred s. "'he Iowa 
State ear-to-row method, as compared with the method, used by 
the other sources to maintain an inbred resulted in a genetic 
difference between the two groups of lines, "^he rrenetic dif­
ference may have resulted because of the following factors: 
renetic deterioration caused by mutation, selection of favor­
able or unfavorable alleles in heterozygous loci, and intro­
duction of favorable "-enes from unrelated, sources, •""'he last 
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factor seems unlikely because this would mean an outcross which 
should be readily apparent and. would be rogued out. 
The differences between the restorer and non-restorer in­
bred lines introduced considerable variation into the compari­
sons amon^r sublines. It could have been assumed prior to this 
study that some variation woiild be caused by the presence of 
the restorer factor; hoT^ever, the differences were beyond ex­
pectations in many instances. Genes from the restorer source 
closely linked to the restorer ^ ene probably were a strong 
cause for divergence of strains. Improved performance of Rf 
sublines per se and Hf subline testcrosses as compared with 
the recurrent parent (rf sublines) indicates that selection 
during the backcross generation has been effective in retaining 
favorable genes from the non-recurrent parent. If non-additive 
&ene action was important, a greater frequency of heterozygous 
loci in the Hf than rf lines may have been partially respon­
sible for a better performance of the Ef lines per se. 
An indication of the type of gene action associated with 
the restorer sublines performance was gathered from the sub­
line crosses within 314, Kl4, CI03, and Oh43 (Rf x Rf, Hf x 
rf, and rf x rf) for a total of 33 characters. The Ef x rf 
cross was greater than the average of the rf x rf plus Rf x Ef 
in ten of ten significant comparisons. ?here were no signifi­
cant differences found for this comparison in the 20 other 
characters. 
The presumption before the coinra en cement of this study 
was that the older lines would show more genetic divergence 
among strains than younger lines. In the non-restorer sub­
lines, in which it  was presumed th.at no penes had. been intro­
duced from unrelated sources, there was no definite relation­
ship found between the length of time which the inbreds had 
been maintained and the amount of strain divergence which 
occurred. 
Eon-restorer sublines oer se differed significantly for 
yield in all inbreds, except CI03. Bl4, released in 1953» 
hao I ewer characters which showed significant differences 
among rf sublines per se than any other inbred. Variation 
among rf sublines oer se for the characters of the remaining 
five inbreds was frequent anc' about equally common for all 
five. 
Significant differences were found among Ml4rf sublines 
oer se for most characters and among i-il4'-rf subline testcrosses 
for yield and percent moisture. Ml4 was one of the most vari­
able inbreds for performance in rf sublines per se and rf sub­
line testcrosses in this study as was expected from its long-
period of maintenance. 
Subline testcrosses were significantly different for yield 
in all rf inbreds, except B37 and Wf9. because 337 was re­
leased in 1958, the latter was expected. Contrary to expec­
tations, '•Jf9 (released in 193°) did not show a testcross yield 
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difference. Inbred Wf9 showed less yield variation among 
subline testcrosses than any other inbred, although, there was 
a significant yield difference among WfQrf sublines per se. 
Tiie strain differences among VlfQrf sublines have been pre­
viously discussed and were presumed to have been caused by 
fixation of mutations which occurred during inbreeding and main 
tenance and residual heterozygosity present at the time when 
the lines were released. Evidently, differences among wf9 sub­
lines per se were masked in WfQ subline testcrosses. 
The second explanation concerns the possible compensating 
effects of yield components. For example, the means in the 
IvT9 sampling study indicated that subline E had the shortest 
ears and the greatest kernel weight of the five sublines per 
se. The yield of subline E was intermediate in value as com­
pared with yields of the other sublines per se. In testcross 
combination, the subline E testcross was nearly identical in 
yield with the other vJf9 subline testcrosses. The Latter re­
sults may have been attributable to the compensating effect of 
heavier kernel weight for shorter ears In the subline E geno­
type. Ear length and kernel weight were not measured in the 
testcrosses. 
Differences found among sublines per se were not always 
expressed among the testcrosses of these sublines. The effect 
of genes, or group of genes, which influence the performance 
of Inbred sublines may not be the same in testcrosses if 
non~a.ou,itive ^ene action is important in t^ie hybrio, genotypes, 
"usch and Russell (19^4) found that approximately 40 percent of 
the mutations detected in an earlier study (âussell _et al., 
19'-'3) were detected in hybrid progeny. In a study of doubled 
.nionoploicls of maize, Spra^ue ^  al. ( 19'--) found that mutations 
were completely masked by testers. Additionally, in this 
study, si.vnlficant testers x rf sublines interactions were 
found for yields in C103 and Oh43. Interactions of rf sublines 
with testers indicated that the mode of gene action must have 
varied amon^:: the testers in hybrid combination wit!: different 
rf sublines. TThus, ranlc of subline testcrosses may not be 
similar to the ranlc of sublines oer se. 
In this study, significant differences amonf; sublines in 
testcross combination were considered as evidence that a single 
cross from a particular seed source may differ from a single 
cross of the same pedigree from another source. Differences 
which were obtained for many testcrosses bear practical rele­
vance to the breeding and culture of corn. Differences found 
were more striking for yield than for percent moisture. The 
percent moisture differences were of biological and statist­
ical significance, but probably had very little practical im­
portance in most cases. Significant differences were found 
frequently among parental seed sources within double-cross 
hybrids. Yield differences were great enough to be of 
practical significance in many cases. 
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It vras noteworthy that progenies of seed from parental 
source A were continually the highest or one of the hi^'her 
yielding entries in the different testcrosses and double 
crosses. Z'his trend may have been caused by the introduction 
of favorable genes into inbred lines and/or the method of 
maintenance of inbreds from this source. 
L'he use of single-cross hybrids has increased rapidly in 
recent years. To alleviate poor seed yields of the female in­
bred parent, hybrid seed producers have resorted to producing 
modified sinrle crosses in which the seed parent is actually a 
cross of two closely relu^ad inbreds. Perhaps the heterosis, 
as observed in the present study for grain yield of certain 
subline crosses, is great enough that the seed producer could 
use such crosses as seed parents in the production of single 
crosses. The resultin.^ modified single cross may be more 
nearly a true single cross than in the case where a cross of 
two closely related lines is used as the seed parent. 
"ariation within inbred lines provides a question con­
cerning the maintenance of genetic identity and its relation­
ship to corn certification and breeder's rights. Certification 
of hybrid corn seed in Iowa, for example, is based primarily' ' ,  
upon certain field standards and proof-of-genetic-identity 
requirements. A requirement was discontinued in 1958 in which 
a hybrid was required to meet certain performance criteria, 
•"^he requirement did not have any restrictions on the source of 
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parent seed used to produce a hybrid pedigree that was eligible 
for certification, "^he results obtained in this study show 
that the performance requirements for certification eligibility 
may have been serving: no useful purpose. 
A system of breeder's rights, whereby crop breeders can 
derive direct monetary benefits from an inbred line or self-
pollinated variety which they have developed, has not been 
implemented in the United States, '^he future would seem dis-
m.al for establishing and policing such a system for inbred 
lines of corn in the United States, because of the variability 
found within inbred lines in this and other studies. 
"he conclusions concerning the practical benefits of this 
study are the following; 
(1) Yield advantages or disadvantages traced to the ori­
gin of tne parencal seeo or r,ne double- and single-
cross hybrids are ultimately those of the farmer. A 
hybrid of a given pedigree could vary as much as 
15 bushels per acre in yield, depending upon the 
source of the seed, and yet the farmer would not 
know this when the seed was purchased, 
(2) Seed-parent yields might be increased by two methods. 
Hybrid producers could use the best performing in­
bred strains and single crosses available as seed 
parents in producing traditional single- and double-
cross hybrids. Subline jc subline crosses may be 
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used as seed parents in the production of single 
crosses for commercial use, 
(3) If corn breeders and seed stock organizations are 
Interested in knowing the fenetic stability of their 
inbred lines, they rill need to make periodic com­
parisons with si.oclî cultures that are kept in cold 
storage. ;b-Jcver, the life expectancy of a hybrid 
pedigree Is relatively short, presumably because one 
or more of the parent lines are being replaced by 
better lines. Consequently, the life expectancy of 
most Inbred parents must be relatively short, also, 
and periodic comparisons may not be warranted except 
for some of the most wifely used lines in a program, 
(f!) Introduction of single genes, such as the pollen re­
storer factor, Into Inbred lines can be expected to 
improve line performance oer se if selection for 
plant vigor and seed yield is practiced during the 
backcross generations. Hybrid performance may, or 
may not, be affected favorably, depending- upon the 
relative importance of non-additive gene action. 
(5) "Ms study did not show the ear-to-row method to be 
of any particular advantage. Probably self-
pollination and bulking couple^, wit I: goof field 
methodology roul:'' serve tlie purposes of most Viybrid 
producers. If a orooucer was concerned wltl. the 
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reversions of a line to a less desirable state, 
sucb as 'prolificacy in Ml 4'-, then the ear-to-row 
T^iethod shoxil^ be follorze^. 
nutations at a locus that has a qualitative effect 
on the niant, such as leaf strioinr in VJf9, can af­
fect many quantitatively inherited characters. 
'%e len./^'th of ti^e elapse:"! since a line i-ras released 
from the oririnatin- eroerinent station may not be 
an indication of the amount of divergence to he 
found amonr strains obtained, from, different founda­
tion seed stock organizations, "'he amount of -vari­
ability among strains will denen^ upon the genotype 
of t^ e line and the relative amount of heterogeneity 
in the seed s^'ocl: release, '^he frequency of mutation 
vrill be determined by the genotype, as well as by 
any mutagenic agencies. 
Certification of a seed stock, such as a single-
cross or double-cross hybrid, should not be con­
sidered a [^arantee of the performance of that seed 
stool;. Also, seedsmen involved in the ezchanre of 
seed stocks should be aware that the pedigree is not 
always a definite guarantee of oerform.ance. lie 
results of this study five an indication of why a 
hybrid of one source may perform differently in 
-1 o 
unbiased yield trials than a liybrid of the same 
pedigree fro a another source. 
.rhie variation present within the inbred s of tliis 
study sU;v, esc I:hat i t  would not be feasible to es­
tablish a sysbe;.! of breeder's rights for corn in­
bred s. Proof of Identity would be hard to establl 
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SUMMARY 
The purpose of the study was to determine if genetic 
differences exist among strains of long-time Inbred lines of 
maize. Evaluations were for agronomic characters of the in­
bred strains per se, strain x strain crosses within an in-
brea, testcrosses with unrelated testers, and performance in 
double-cross combinations. 
Data were obtained and analyzed for the following inbred 
characters: silk date, plant height, ear height, tassel 
branch number, ear length, kernel weight, grain yield, and 
ears per plant (M14 and CI03). Data obtained for hybrid char­
acters included the following; percent stand, root lodging, 
stalk lodging, dropped ears, percent grain moisture, and grain 
yield adjusted to 15-5 percent moisture. Only the latter two 
hybrid characters were analyzed statistically. 
To conduct this study six inbred lines and seven single 
crosses involving these lines were obtained in 1963 from four 
Corn Belt foundation seed stock organizations and the Iowa 
State University Agricultural Experiment Station. Because the 
Iowa Experiment Station strains had been maintained continu­
ously by contolled selfing in ear-to-row progenies, they were 
considered the controls, or checks. Maintenance of the other 
sources had been primarily by contolled self- or sib-
pollination and bulking seed of the ears obtained. The in-
breds and number of sublines each were; B14 - 9, Ml4- - 9» 
105 
Cl03 - 9, Oh43 - 9, B37 - 5» and Wf9 - 5. Fertility restorer 
sublines were included for Bl4, Ml4, C103, and Oh43. 
All sublines were self-pollinated and outcrossed to three 
unrelated inbred testers; B46, B53j and A25?. All possible 
single crosses were made among sublines within each inbred 
line. Genetic variability within sublines of Wf9 was obtained 
by analyzing the variability among progenies of 40 selfed ears 
(sub-sublines) from each of the five Wf9 sublines. The vari­
ances within sublines A, B, C, and D were compared with the 
variance within the ear-to-row maintained subline. 
Significant variation was found among sublines and among 
subline crosses for nearly all characters studied. Subline 
variation was caused by differences between restorer (Rf) and 
non-restorer (rf) sublines, differences among Bf sublines, and 
differences among rf sublines. Orthogonal comparisons showed 
that the Iowa Bf strains were less vigorous than the remaining 
strains in 16 of 18 significant comparisons. Variance among 
the remaining Rf strains was significant in 22 of 30 compari­
sons. The Iowa rf strains differed from the remaining rf 
strains in 23 of 44 comparisons; the Iowa strain was less 
vigorous in most of the significant comparisons. Significant 
differences were found among the remaining rf sublines in 32 of 
44 comparisons. Significant differences among sublines were 
more frequent in C103 than any other inbred. Variation among 
the non-restorer sublines of Bl4 was less than in any other 
inbred. 
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Orthogonal comparisons in subline crosses of Rf x rf 
versus (Rf x Hf) + (rf x rf) and Hf x Bf versus rf x rf 
indicated that the Rf gene block exhibited dominance effects 
upon plant characters in most of the genotypes. Crosses of 
Iowa Hf and rf sublines with other Rf and rf sublines were 
less vigorous (35 of 50 cases) than the remaining subline 
crosses. 
Vigor of subline crosses was greater than the vigor of 
their parent sublines for 34 of 35 comparisons which were 
significant. This heterotic effect could result only if the 
parent sublines were genetically different. 
The variance within the Iowa Wf9 subline was generally 
less than within the other Wf9 sublines. Apparently, the ear-
to-row procedure more effectively maintains an inbred line with 
a low degree of genetic variability. However, significant var­
iation with the Iowa Wf9 strain was observed in nine out of 14 
characters. A qualitative trait, yellow leaf striping, in­
fluenced the variance of quantitative characters in the Iowa 
and three other sublines in one experiment. 
Subline testcrosses were evaluated in experiments at five 
locations for two years, or ten environments. Combined anal­
yses of variance across the ten environments revealed signifi­
cant differences for percent moisture among subline testcrosses 
for all inbreds and for yield in all but Wf9 and B37 subline 
testcrosses. The same significant effects were found among rf 
subline testcrosses. Significant variation for percent 
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moisture was observed among Rf subline testcrosses for each 
inbred, but only two of four inbreds had Rf subline test-
crosses that yielded significantly different. Restorer sub­
line testcrosses differed significantly from rf subline test-
crosses for yield once (one of four) and percent moisture, 
three times, of four comparisons. Most comparisons of Iowa 
Rf subline testcrosses with the remaining Rf subline test-
crosses were non-significant. In the comparisons of Iowa rf 
subline testcrosses with remaining rf subline testcrosses, 
significant F values were obtained for three and five inbreds 
for yield and percent moisture, respectively. 
Double-cross hybrids were grown in ten environments. 
Differences among sources were significant for percent mois­
ture in eight of nine double crosses. Yield differences were 
significant in four of nine double crosses. 
Yield differences among testcrosses of sublines and among 
sources of double crosses were great enough to be of practical 
importance. Differences for moisture percentage that were 
statistically significant generally were too small to be of 
practical significance. Seed from one seed source, designated 
A, was usually the highest, or one of the highest, yielding 
entries in the subline testcrosses and double crosses. 
The results did not show that subline variation ims 
greater in the older lines than in lines released more recently 
1 0 8  
from experiment stations. Actually, Wf9j which was the first 
released of the lines studied, showed the least variability 
among subline testcrosses. 
It was concluded that strains of inbred lines maintained 
by foundation seed stock organizations are genetically differ­
ent. These differences may have arisen because the original 
material released was not genetically homogeneous, or muta­
tions have occurred and some of the mutant types have been 
maintained. In some cases either selection for improvement 
has occurred or there has been genetic deterioration in the 
Iowa strains which have been maintained continuously by self-
pollination in ear-to-row progenies. 
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T  r  4 1 ^ '3. •' 57 *7 9 # r\ '• , 0 1 - ,  c  
A-ûfxA •j ' 139.^ 57.7 9 # 7 15!8 66.3 0 y « I 
A-ZfrE 35 6  143.% ' A O  ^  1  11.3 . 9'.y C  C  .  L J  
A-2fyC r 9 146.1 5#i7 9.7 1 ^ . 5 7^.6 92.5 
A-2fyD 35 2 14&.f f-0.4 i n . M  • I  '/. y  72.3 1"^.7 
A-,HfxE 36 1 144.2 59.1 9.7 16.5 72.5 87.9 
B-Efy'D-Ef 34 8 148.1 55.4 9.6 17.0 71.8 101.9 
B-HfyE-Hf 34 9 146.5 55.4 10.1 17.7 o%.7 107.2 
E-EfxA 35 :) l 4 4 . %  57.1 9.2 i b. 68.5 96.0 
E-HfxB 35 4 148.0 56.9 9.8 16.7 70.0 94.1 
B-EfxC 35 5 148. B 55.6 8.9 17.2 74.1 96.8 
3-EfxD 35 2 145.9 57.1 9.8 17.4 70.5 95.3 
B-RfxE 36 1 144.0 55.9 9.4 16.1 70.5 84.7 
D-HfxE-Ef 34 9 147.6 59.2 10.0 17.0 70.0 106.2 
3>RfxA 34 4 148.2 62.7 10.3 17.2 75.8 102.6 
D-BfxB 34 9 149.1 60.3 11.0 17.5 72.3 112.4 
i>Rf jC 35 4 146.9 55.0 9.7 17.6 70.8 99.4 
D-EfxD 35 1 149.4 60.7 11.1 17.5 74.9 107.9 
D-EfxE 35 2 148.6 59.8 9.3 17.6 71.2 101.5 
2-RfxA 35 5 145.8 60.5 9.4 16.9 68.7 103.4 
S-EfxB 34 6 150.8 62.2 10.8 17.0 73.3 102.3 
2-RfxC 34 7 149.9 57.5 10.0 17.3 74.3 105.0 
E-HfxD 35 n 146.7 59.3 9.9 16.9 74.6 106.1 
E-RfxE 35 5 146.1 57.8 9.9 17.4 70.0 102.9 
A y B 36 0  145.5 59.6 10.7 16.7 68.7 96.0 
A y C 36 r 146.2 56.7 9.1 17.3 72.9 95.0 
A y TJ 35 0 145.5 61.3 13.7 16.9 73.9 lrl.9 
A y: 3 / 0 142.2 60.2 10.2 16.3 71.3 92." 
• r 
-O 7 147.8 57.3 1  - .  1  17.1 75.0 92.7 
5 149.3 6".3 10.6 17.5 73.0 99.6 
3 y 2 35 3 146.7 58.4 "i '1 Li 17.1 7 2.0 95.6 
C ]: D 35 2 147.^ 55.9 1 n J .  '  #  /  17.4 72.3 99.9 
C y 3 36 3 147.6 55.5 9. ? 17.3 72.1 86.6 
D y 3 K 9 148.1 60.0 10.2 17.7 72." 96.6 
il ean 35 < 14<.6 57.9 9.9 16.9 71.0 95.4 
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Table 23. Mean values of characters of Ml4 sublines and 
subline crosses 
Sub and Silk Plant Ear Tassel Ear Kernel Yield Ears/ 
sub or date htfcin) htfcm) br no iKfcm) wtfpons) fe/ol) Dl 
A-Rf 29.5 115.2 47.3 10.7 15.3 21.0 97.3 .73 
B-Ef 29.9 107.5 46.5 13.4 17.2 21.6 102 .5  .59 
D-Rf 27.5 122.2 49.3 12 .7  18.0 21.3 108.3 .43 
E-Rf 29.5 116.4 46.9 8.2 17.0 21.8 95.9 .33 
A 30.3 116 .2  48.8 12.3 16 .6  21.1 84.4 .33 
B 30.5 110.0 52 .2  13.8 16 .0  21.1 86.9 .70 
C 27 .8  117.6 48.4 12 .1  17.0 22.5 98.0 . 25  
D 27 .0  119.6 48.5 13.2 17.2 21.7 101.4 . 27  
E 29 .0  116 .4  51.0 9.4 19 .6  21.1 120.2 .15 
A-RfxB-•Rf 28.1 119.6 48.1 12.4 17.3 19.8 136.3 .78 
A-RfxD-Rf 27.5 129.9 52.0 13.1 17.7 19.6 142.3 .82 
A-RfxE-•Rf 28.6 126 .0  49.7 10.8 17.4 19.4 123 .8  .59 
A-RfzA 28.5 119.4 48.2 11.7 16 .6  20.4 122.2 .77 
A-RfxB 28.8 119.7 52 .6  13.4 16 .7  20.9 131.5 . 90  
A-RfxC 27 .8  127 .7  51.6 13.2 18.1 19.3 IJ/.5 .59 
A-RfzD 27.5 124.1 51.0 12.3 17.7 20.1 128.1 . 66  
A-BfzE 28.1 127.9 51.5 10 .7  18.3 20.1 137.3 . 65  
B-RfxD-Rf 28.5 119.7 51.7 13.0 18.2 21.9 123 .7  .50 
B-RfzE- Rf 29.5 121.7 50.7 11.1 17 .8  22.7 121.2 .53 
B-RfzA 29.2 116 .5  48.7 12.8 17.5 22 .5  113.2 .47 
B-RfxB 30.3 109.3 49 .9  14.5 16.3 21.9 96 .0  .67 
B-RfxC 27.7 119.2 49 .6  13.7 18.4 23 .0  138.9 .47 
B-EfxD 28.2 115.4 48.2 14.2 18.0 22.0 123.3 .39 
B-RfxE 29.0 119.3 50.4 12.4 18.3 21.7 129 .5  .42 
D-RfxE-Rf 27 .8  124.4 51.9 11.4 18.6 21.4 127 .1  .32 
D-RfxA 27.6 123.2 49.1 13.2 17.7 21.9 118.9 .41 
D-RfxB 28.3 122.3 53.4 13.9 17.2 22.7 117.4 .54 
D-RfxC 26.6 125.1 51.3 13.0 18.5 22.3 131.7 .28 
D-RfxD 27 .2  123 .0  49.3 12.2 18.6 20.8 119.6 .21 
D-RfxE 27 .8  125 .0  53.8 11.3 19.3 21.7 134.9 .25 
E-RfxA 28.2 123 .6  48.9 10.7 18.6 22.0 115.5 .20 
E-RfxB 28.8 120.6 52 .6  11.4 17.8 22.0 125 .0  .32 
E-RfxC 27.3 128.4 51.6 11.1 19 .2  23.3 140.0 . 26  
E-RfxD 27.0 121.7 50.4 11.2 18.1 21.7 123 .9  .22 
E-RfxE 28.1 116 .8  48.9 8.7 18.7 21.6 114.0 .20 
A X B 28.8 122.0 54.3 13.7 17 .6  22.6 109 .1  .43 
A X C 27.4 126.7 51 .6  12.2 17.8 23.1 121.2 .27 
A X D 28.2 121.1 49.0 12.5 17.9 21.7 115.1 .34 
A X E 28.6 120.7 49.» 10.5 19.4 22.0 119.8 .11 
B X C 28.8 122.9 53.4 14.5 18.1 22.7 115.5 .40 
B X D 28.3 117.1 51.5 14.1 16.9 21.9 113.4 .37 
B X E 29.4 118.8 51.9 11 .7  17.6 22.2 109 .8  .43 
C X D 27.0 124.1 52 .0  12.b Ib.O 21.9 114.3 .20 
C X E 27.4 126.9 51.4 11.« 19.6 22.9 134.4 19 
D X E 27.5 120.7 49 .8  10.9 19.0 21.7 129 .1  21 
Mean 28.3 120.7 50.4 12.2 17 .8  21.6 118.9 43 
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Table 24. Mean values of characters of CIO3 sublines and 
subline crosses 
Sub and Silk Plant Ear Tassel Ear Kernel Yield Ears/ 
sub cr date ht(cm) ht(cm) br no Iff(cm) wt(pans) (pr/pl) pi 
A-Rf 33.9 156.9 60 .6  12.7 17.2 73.3 93.8 1.00 
B-Rf 33.3 150.5 53.7 12.6 17.0 74.9 76 .6  0 .96  
D-Ef 35.5 155.0 58.5 12.1 16.8 72 .6  78.5 0.93 
E-Rf 38.5 146.4 51.7 11.6 14.4 65 .6  37.4 0 .54  
A 38.8 148.1 47 .8  10.8 13.9 62.8 42.2 0 .67  
B 36 .8  131.5 50.3 11.8 15 .0  63.3 50 .0  0.77 
C 37.2 155.9 55.0 12.9 14.9 77.7 52.7 0.83 
D 36.9 154.2 57.2 11.9 15 .8  65.3 56.5 0 .91  
E 36,3 147.0 49 .2  11.5 15.1 62 .1  54.4 0.79 
A-RfzB-Rf 33.0 159.1 62 .2  14.1 18.7 73.7 110.6 0.99 
A-Rf ZD-Rf 32 .9  161.7 64.1 13.4 18.7 76 .2  114.0 0.99 
A-RfxE-Rf 34.0 157.2 56 .6  13.2 18.5 74.1 112.7 0.97 
A-RfzA 33.7 158.4 58.3 12.6 18.1 70 .6  111.6 0.98 
A-lfxB 34.7 154.6 60 .2  13.5 17.1 69 .0  97.5 1.00 
A-RfxC 35.9 161 .6  60 .4  12.9 17.3 77.6 89.3 0 .96  
A-RfxD 35.6 165.7 63 .8  12.9 18 .2  71 .8  96 .0  0.99 
A-RfxE 34.1 153.9 53.4 11.7 17.6 68.1 104.3 0.99 
B-RfxD-Rf 32 .9  163 .3  63 .2  14.1 18.7 79.6 108.1 0.99 
B-RfxE-Rf 33.8 154.8 56 .0  12.1 18 .6  68 .6  108.1 0 .98  
B-RfxA 32 .8  159.2 56 .2  12.4 18.1 71.4 107 .0  0.99 
B-RfxB 34.3 155.1 57.4 13.4 17.4 63.0 85.7 0 .96  
B-RfxG 34.3 160 .9  61.3 12.4 17.9 76.4 95.6 0 .96  
B-RfxD 34.1 164.5 62.7 14.1 18.2 68 .7  98 .6  1 .00  
B-RfxE 33.8 154.5 53.4 11.9 18.1 67 .3  99.6 0.98 
D-RfxE-Rf 34.2 156.5 55.6 13.5 18.6 70 .6  105 .6  0.99 
D-RfxA 34.7 159.4 56 .7  11.8 18.1 73.2 100.1 0.98 
D-RfxB 34.5 154.3 60.3 12.3 18.4 68.1 100 .5  0.99 
D-RfxC 34.4 159.0 59.9 13.5 17.8 75.1 96 .7  0 .96  
D-RfxD 34.9 161 .0  63 .6  13.3 18.4 69 .5  92 .5  0 .96  
D-RfxE 35.0 158.5 56.5 12.3 17.7 70.9 99.8 0.99 
E-RfxA 38.4 148.6 49 .0  10 .5  14.9 61 .7  42.8 0 .62  
E-RfxB 36.0 151.3 52.9 11.6 18.0 64.6 85.7 0 .92  
E-RfxC 37.5 152.9 52.9 11.7 16 .0  68 .2  58 .6  0.78 
E-RfxD 36 ,6  158.7 56 .0  12.2 17.2 62.7 70.3 0 .89  
E-RfxE 40.0 141.7 43 .8  9.8 14.0 57.6 36.4 0.68 
A X B 36 .6  156.6 54.9 11.8 17 .1  63 .0  83.3 0.93 
A X C 37.3 155.4 55.8 10.8 15.4 68 .2  60 .6 0 .85  
A X D 36.4 159.5 55.7 11.9 17.3 64.7 77.4 0 .90  
A X E 37.6 145.9 45.5 10.0 13 .6  60 .6  41.6 0.77 
B X C 36 .7  150.5 55.7 11.8 16.9 67.9 75.1 0.93 
B X D 37.4 152.5 57.0 11.6 16 .6  62.7 65 .8  0.95 
B X E 36.3 153.7 53.8 11.9 17.7 61.2 83.9 0.93 
C X D 37.6 160 .2  58 .2 11.4 15.9 77.4 64.4 0.88 
C X E 37.4 152.4 54.8 10.9 15 .8  70.0 63.4 0 .88  
D X E 36.3 161 .6  56 .6  11.7 17 .8  65.7 87 .9  0.97 
Mean 35.6 155.1 56 .2  12.2 17 .0  68 .8  81 .6  0.91 
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Table 25, Mean values of characters of Oh^3 sublines and 
subline crosses 
Sub and Silk Plant Ear Tassel Ear Kernel Yield 
sub or date ht(cm) ht(cm) br no iK(cm) wt(ffms) (ff/Dlant) 
A-Rf 24.6 130.6 40.3 6.4 15.7 24.2 101 .5  
B-Bf z:).0 130.7 45.6 9.5 18.3 25.3 113.5 
D-Bf 24.7 117.4 39.8 8.9 18.1 23.2 109.3 
E-Rf 25.7 121.6 40.1 10.6 17.7 23.3 107.1 
A 24.9 125.1 42.5 7.6 17.6 24.4 126 .2  
B 25.2 124.2 39.5 7.0 17.7 24.2 121.1 
C 25.2 120.5 37.5 8.3 17.7 26.6 117.3 
D 24.5 121.0 39.1 8.1 17.3 25.5 120.0 
E 26.5 114.8 38.7 8.8 17.1 24.7 103.6 
A-BfxB-Rf 23.9 139.0 45.6 8.6 18.6 25.1 144.2 
A-RfZD-Bf 24.1 133.2 42.2 9.0 18.3 25.3 130.1 
A-BfxE-Bf 23.9 133.8 44.4 9.4 18.0 25.2 140.2 
A-BfxA 23.5 131.9 42.9 7.2 18.0 23 .6  140.7 
A-BfxB 23.7 135.4 45.9 7.0 16.2 24.6 140.8 
A-Bî'xC 24.3 130.2 39.2 8.3 17.6 24.6 132 .6  
A-BfxD 23.4 132.0 39.0 8.4 17.5 24.7 136.2 
A-RfxE 24.4 132.8 43.4 8. 1  18.4 24.7 140.7 
B-RfxD-Rf 24.2 132.3 45.6 9.8 18.8 26.0 138.3 
B-EfxE-Bf 23.9 128.5 43.7 11.1 19.1 25.9 137.4 
B-EfxA 24.5 131.5 45.9 9.1 18.5 25.6 137.4 
B-BfxB 23.7 127.9 42.2 8.8 18.5 25.9 132 .6  
B-RfxC 23.8 120.9 39.0 9.0 18.1 25.0 125 .3  
B-BfxD 24.1 131.1 45.0 10.1 18.4 25.4 133.2 
B-BfxE 24.7 126.1 44.1 10.3 18.4 25.8 124.7 
D-RfxE-Rf 24.3 126.7 41.6 10.2 18.4 25.4 136.0 
D-RfxA 24.0 129.1 43.4 9.5 18.4 25.4 137.5 
D-BfxB 24.6 124.9 40.2 8.4 18.2 24.7 133.5 
D-BfxC 24.4 125.2 39.6 9.4 18.4 25.2 127 .8  
D-BfxD 23.8 125.5 39.8 9.2 18.2 25.2 129 .9  
D-BfxE 25.2 125.7 42.8 10.5 18.6 25.8 133.0 
E-RfxA 24.1 127.1 42.2 9.5 18.3 25.2 142.1 
E-RfxB 24.5 120.0 39.0 9.6 17.8 25.6 127 .6  
E-EfxC 24.2 123.0 40.6 10.4 18.6 25.7 140.1 
E-BfxD 24.1 126.0 40.9 9.7 18.2 25.4 138.6 
E-BfxE 25.2 124.4 41.3 9.8 18.2 25.1 123 .5  
A X B 25.1 125.3 43.5 8.1 17.9 25.3 129 .6  
A X C 24.8 120.2 37.4 8.2 17.4 25.6 126 .7  
A X D 24.7 127.7 42.6 8.5 17.8 25.2 129 .7  
A X E 25.3 126.0 42.2 8.8 18.1 25 .0  128.4 
B X C 24.6 121.5 37.9 7.8 18.1 25 .8  120.3 
B X D 24.3 122.2 37.3 7.5 17.5 25 .0  123.3 
B X E 25.2 123.6 41.5 8.1 18.3 24.6 130.5 
C X D 24.6 123.0 39.4 9.0 17.4 25 .6  123.7 
C X E 25.6 114.7 36.4 9.1 17.5 24.9 117.6 
D X E 25.0 123.2 41.1 9.6 18.0 25.2 132 .8  
Mean 24.5 126.2 41.4 8.9 18.0 25.1 128.6 
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liable 26 .  Mean . values of characters of B37 and Wf9 sublines 
and subline crosses 
Sub and Silk Plant Ear Tassel Ear Kernel Yield 
sub or date ht(cm) ht ( cm ) br no Ig(cm) wt(gms) (g/plant) 
B37 
A 3^.3 158 .2  62 .2  6.9 16.5 81.2 88.9 
B 35.7 150.5 62.7 4.2 15.5 74.5 75.4 
C 36.4 151.0 59.3 6.6 14.8 80 .5  71.1 
D 35.1 152.4 60 .0  6.0 15 .1  81.7 89 .0  
E 35.4 147.9 60.0 7.6 14.8 81.8 67.3 
A X B 35.0 158.5 64.9 5.8 16.5 81.6 96 .9  
A X C 34.6 159.8 66.0 6 .9  16 .4  77.7 95.1 
A X D 34.6 160 ,3  65.7 5.6 16,6 80 .5  96 .3  
A X E 35.1 158.9 67 .1  7.5 16.3 78.7 96 .1  
B X C 35.5 153.9 65.5 6.3 15.5 83.8 81.4 
B X D 34.9 156 .6  67.4 6.5 16 .0  83.2 91.1 
B X E 35.6 156 .8  65.0 6 .0  15.7 82.8 88.2 
C X D 35.9 152 .6  65.4 7.1 15 .2  81.7 76.2 
C X E 36.3 154.6 65 .0  7.1 15.4 83.1 77.6 
D X E 35.7 156.9 67 .5  7.5 15 .2  81.7 80.0 
Mean 35.3 155.3 64.2 6.5 15.7 81.0 84.7 
Wf9 
A 33.0 160.7 71.6 18.0 14.9 26,2 76 .1  
a 32. j 157.6 65.4 18.7 14.2 28 .0  87.8 
c 31.6 157.0 66 .9  18.8 14.1 24,7 83.7 
D 30.9 160 .5  70 .2  17 .y 15 .1  25.8 93.7 
E 31.3 153.6 65 .0  18.1 13.7 27.1 90 .0  
A X B 31.3 161 .2  69.4 18.9 14.6 25.5 90 .4  
A X C 31.4 155.3 69 .0  19.4 14.4 24.0 93.0 
A X D 31.2 159.7 70.2 18.2 14.9 26.1 94.3 
A X E 31.3 156.5 68.5 18.0 14.1 24.7 94,9 
B X C 31.2 155.4 63.7 18.6 13.9 26 .0  89 .2  
B X D 31.0 159.9 68.3 19.2 14.2 25 .6  91.4 
B X E 31.1 160.4 68.1 19.6 14.4 27 .2  95.0 
C X D 30.7 155.1 67.5 18.3 14.7 23.9 96 .6  
C X E 31.0 153.5 64.1 18.4 13.9 24.9 92 .0  
D X E 31.0 158.0 69 .7  18.1 14.2 25.0 97.1 
Mean 31.4 157.6 67 .8  18.6 14.4 25.7 91.0 
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Table 27. Mean values of characters of 20 sub-sublines of Wf9 
subline A grown in 1964 at Ames 
Sub- Plant and ear characters Yield 
subline Silk Plant Ear Tassel Ear Kernel (grams/ 
date ht(cm) ht(cm) br no Ig(cm) wt(gms) plant) 
1 34.0 157.2 69.9 14.8 14.8 24.7 78.6 
2 32.7 148.2 62 .1  15.8 15.1 23 .1  90.9 
3 33.4 136 .2  62.7 16.1 14.1 24.2 69.9 
4 34.9 160.7 73.4 16.6 14.0 24.8 70.7 
5 33.7 152.7 69 .2  14.6 15.0 24.0 75.9 
6  33.4 152.8 67.5 15.7 15.0 24.4 85.3 
7 33.7 152.8 68 ,6  15 .8  14.6 23.5 84.6 
8 33.0 151.1 68.3 14.7 15.3 23 .8  84.1 
9 33.9 152.2 67 .3  14.2 14,4 26.1 77.1 
10 33.6 156 .8  70.4 15.3 15.2 24.0 85.9 
11 33.2 153.4 68 .9  16.1 15.0 25 .2  87 .1  
12 34.7 146.0 63.8 14.9 13.8 23.9 67.4 
13 33.5 151.7 68 .5  14.6 14.8 23 .8  80.3 
14 34.1 154.4 69.9 16 .0  14.0 23 .8  77.1 
15 35.3 149.8 64.2 15.4 14.0 23 .8  64.0 
16  33.5 148.4 65.2 15.3 14.9 24.6 80.2 
17 33.7 152.4 67 .0  15.6 14.7 24.3 82.5 
18 32.9 144.7 61.9 14.7 14.8 25 .4  87.9 
19 33.6 156 .2  71.3 14.6 14.9 23.9 84.5 
20  34.8 153.3 64.7 15.1 14.0 24.6 78.7 
Mean 33.8 151 .6  67 .2  15.3 14.6 24.3 79.6 
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Table 28. Mean values of characters of 20 sub-sublines of Wf9 
subline B grown In 19^4 at Ames 
Sub- Plant and ear characters Y1 eld 
subline Silk Plant Ear Tassel Ear Kernel (grams/ 








8  33.2 
9 33.0 
10 32 .8  















150 .8  62.7 
153 .5  62 .5  
152 .2  61. 8  
153 .4  61 .5  
152 .0  61 .2  
153 .1  62 .5  
148 .0  62 .1  
150 .1  61 .0  
152 .9  60 .1  
150 .0  60 .5  
150.2 62.1 
137.1 55.4 
153 .1  63 .5  
139.3 49.6 
141.5 51.5 
151 .9  62 .2  
150 .0  60 .4  
17 .8  14.1 
17.4 14.0 
16.3 14.3 
15 .0  14.0 
16.2 14.1 
16.8 13 .6  
16.9 14.2 
16 .6  14.4 
16 .5  13.9 
17.0 14.1 
15.9 14.2 
16 .1  14.0 
16.7 13.7 
16 .4  14.2 
16.1 14.0 
16 .2  13.4 




16.3 13 .  8  
26.9 88.3 
27.5 74.5 
26.9 78 .6  
28 .0  87 .1  
28.4 76.5 
26 .1  90 .0  
27.0 83.0 
27.3 82.0 
27.4 81 .6  
27 .1  80.8 
27.5 81.4 
27 .6  76 .6  




26 .4  84.1 
25.7 35.0 
24.6 44.4 
26 .5  79.9 
27 .1  77.1 
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Table 29. Mean values of characters of 20 sub-sublines of 
Wf9 subline C grown in 1964 at Ames 
Sub- Plant and ear oharactere Yield 
subline 811k Plant Ear TBLBSel Ear Kernel (grams/ 
date ht ( cm ) ht(cm) br no ig(cm) wt(gms) plant) 
1 31.9 152.2 63 .2  16.1 15.4 23.9 86.2 
2 31.8 149.9 63 .1  16 .0  14.5 25.3 85.6 
3 31.9 147.1 59.9 16.3 14.5 25.7 78.4 
4 32.0 147.8 61.1 15.2 14.2 25 .0  81.5 
5 31.8 147.7 62.5 15.6 14.3 23.9 82.3 
6 31.9 148.0 64.9 15.9 15.2 25 .6  88 .9  
7 31.8 152.1 61.5 15.6 14.7 26 .5  88.0 
8  32.1 152 .6  63.6 16.4 14.6 24.5 65 .1  
9 32.2 148.9 64.0 15.9 15.0 24.0 86.4 
10 31.6 147.7 59.4 14.7 14.4 23.6 78.9 
11 31.7 151.6 62.6 15.2 14.6 24.0 84.8 
12 32.4 149.7 61.1 15.4 14.7 24.9 84.6 
13 32.2 150.8 60.5 16.7 15.3 23 .8  82.6 
14 32.1 148,2 61 .2  15.7 13.8 23 .8  78.1 
15 32.1 149.3 59.8 15.7 14.3 23.9 82.4 
16 31.9 151.0 61.8 15 .8  15.0 24.8 83.3 
17 32.0 148.9 62 .6  15.7 14.7 25.1 82.4 
18 31.7 151.5 58.9 14.7 14.7 25.2 82.5 
19 32.4 150.5 62.7 14.7 14.2 23.4 83.3 
20 32.2 148.9 62 .6  14.8 14.0 23.9 78.5 
Mean 32.0 149.7 61.9 15 .6  14.6 24.6 83.2 
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Table 30. Mean values of characters of 20 sub-sublines of 
Wf9 subline D grown In 19^^ at Ames 
Sub- Plant and ear characters Yield 
subline Silk Plant Ear Tassel Ear Kernel (grams/ 
date ht ( cm ) ht(cm) br no Ig(cm) wt(gms) plant) 
1 32.5 153.4 67 .2  14.7 14.7 24.6 72 .8  
2 32.2 157.9 67.5 15.5 15.4 26.3 87.9 
3 32.1 162.9 70.5 15.4 14.6 24.3 94.6 
4 32.2 157.6 67.8 15.5 15.6 25.7 99.0 
5 31.2 155.0 65 .1  14.5 15.6 24.3 95.3 
6 32.2 149.1 64.3 16 .2  15.0 25 .2  90 .6  
7 31.4 151.2 65.4 15.4 15.0 25 .0  86.3 
8  33.5 160.7 77.0 17 .0  15.2 24.0 81.8 
9 32.2 152.3 63.9 14.3 14.2 25.2 90 .0  
10 32.0 15^.1 66.0 14.0 15.0 27.1 88.6 
11 31.5 159.3 66.9 14.9 15.2 27.0 90.7 
12 32.2 151.2 60 .9  13.9 15.0 23 .6  90.5 
13 32.0 150.2 62.9 14.6 14.2 24.9 76 .8  
14 32.1 152.9 67 .2  14.7 14.3 25 .4  82.0 
31.9 146.8 59.0 14.4 14.9 25.5 91.9 
16 31.9 160.1 67 .8  15 .8  15.0 25 .2  92 .9  
17 32.0 150.0 65 .2  14.1 14.6 25 .1  88.3 
18 32.4 157.5 65.0 15.1 14.9 29.8 91.1 
19 32.1 155.4 66.2 15.0 14.9 24.7 90 .2  
20 32.0 155.2 65 .4  14.7 15.3 23.4 92 .7  
Mean 32.1 154.6 66.1 15.0 15 .0  25 .1  88 .7  
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Table 31. Mean values of characters of 20 sub-sublines of 
Wf9 subline E grown In I96U at Ames 
Sub- Plant and ear characters Yield 
subline 811k Plant Ear Tassel Ear Kernel (grams/ 
date ht(cm) ht (cm) br no Ig(cm) wt(gms) plant) 
1 32.3 149.4 61 .2  15.5 13.5 25 .8  86 .1  
2 32.5 145.4 59.2 15.2 13.5 29 .6  70 .2  
3 31.8 148.7 60 .2  14.7 13.3 26.5 87.1 
4 32.1 144.9 55.5 14.1 13.0 25 .8  81.6 
5 32.3 149.3 61 .2  15.6 13.4 27 .2  86.8 
6  31 .6  147.4 62.5 15.2 13.6 28.0 85 .0  
7 32 .2  146.5 63.4 15.3 13.5 24.3 89.1 
8  31.9 148.2 62.3 15.1 13.6 27.9 88.3 
9 32.3 151.0 61.3 15 .8  13.4 26,2 82.3 
10 32 .5  149.7 64.8 15*8 13.9 26 .3  86.7 
11 31.7 144.4 56.7 14.7 13.6 27.1 89 .0  
12 32 .7  139.9 56.7 15.4 13.0 . 26 .2  79.3 
13 32.5 148.3 60.4 15.1 13.4 27.2 83.3 
14 32.6 143.4 56.3 14.5 13.3 25.3 81.0 
15 32 .0  141.5 60 .1  14.0 13.4 26 .1  83.2 
16 32 .7  143.4 62 .6  15.4 13.7 25.6 91.1 
17 32.7 147.0 59.8 15.5 13.4 25.5 86.2 
18 32 .3  146.1 55.8 14.5 13.5 27 .6  77.0 
19 32 .2  146.7 61.4 14.9 13.6 26.3 87 .8  
20 32.4 149.8 62.1 15.7 13.7 27 .0  86.3 
Mean 32.3 1-46.5 60 .2  15.1 13.5 26.6 84.4 
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Table 32. Mean values of characters of 20 sub-sublines of 
Wf9 subline A grown in 1965 at Ames 
Sub- Plant and ear characters Yield 
subline Silk Plant Ear Tassel Ear Kernel (grams/ 
date ht ( cm ) ht(cm) br no Ig(cm) wt(gms) plant) 
21 36.5 140.4 57.0 17 .2  12.9 68 .2  62 .2  
22 35.8 126 .4  49.5 13.9 13.3 53.6 57.8 
23 36 .8  139.8 54.7 16 .5  13.7 59.4 69 .1  
24 34.8 132 .6  54.3 17.2 13 .6  53.1 73.0 
25 33.3 149.5 56 .0  12.8 13.9 60 .2  78.6 
26  34.1 140.8 57.5 19.9 13.5 57.5 82.0 
27 35.2 130.3 48.8 18.3 13 .1  56.9 71.7 
28 36.3 136.1 52.7 18.8 13.1 63 .0  65 .2  
29 35.1 140.2 57.3 19.3 13.0 58.1 74.3 
30 36.2 132.9 48.7 17.8 13.9 55.7 71.3 
31 35.5 137.2 50.7 18.3 13.4 56.3 74.4 
32 36.5 140.9 59.2 18.9 13.6 59.8 70.9 
33 34.6 138.0 54.8 17.7 13.1 56 .2  84.5 
34 35.0 138.8 58.4 19.6 13 .6  55.9 75.1 
35 35.3 138.8 56 .0  17.8 13.5 56 .6  74.1 
36 35.3 135.4 52 .2  18.6 13.3 54.8 68.7 
37 36 .6  135.9 55.5 17.6 13.9 59.2 65.9 
38 34.2 133.6 49 .4  16.4 13.4 56.5 81.6 
39 34.2 137.8 54.3 18.2 14.0 59.4 83.8 
40 36 .0  130 .5  51 .6  16 .9  13.5 54.4 63.4 
Mean 35.4 136.8 53.9 17.6 13.5 57.7 72.4 
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Table 33. Mean values of characters of 20 sub-subllnes of 
Wf9 subline B grown In 19^5 at Ames 
Sub- Plant and ear characters Yield 
subline Silk Plant Ear Tassel Ear Kernel (grams/ 
date ht(cm) ht(cm) br no Ig(cm) wt(gms) plant) 
21 34.2 133.6 44.3 18.8 13.2 57.5 70.4 
22 35.3 135.2 44.3 12.8 13.1 59.1 70.3 
23 35.4 133.2 45.0 18.8 12.6 60 .5  64.2 
24 34.7 135.8 46.1 19.5 12.9 59.4 74.3 
25 34.8 134.1 44.9 18.0 12.7 58.9 72.2 
26 35.0 141.1 45.7 20.6 13.0 59.3 73.6 
27 35.4 138.5 50.4 21.0 12.4 56.8 71.5 
28 34.8 134.8 44.4 19.8 12.5 61.4 66 .9  
29 34.0 136.5 44.5 19.4 13.2 58.5 78.5 
30 35.6 136.7 44.7 17.9 12.7 54.8 62 .9  
31 35.2 137.2 49.7 20.2 13.0 62 .4  76 .8  
32 34.8 138.1 48.5 21.3 12.6 57.3 73.0 
33 34.8 136.0 44.1 20.3 13.5 59.5 83.4 
34 35.0 137.4 48.6 20.0 13.1 60 .4  77.9 
35 34.9 138.0 46.9 22.0 13.0 57.3 70.0 
36 34.9 138.3 47.7 20.7 13.2 57.7 73.7 
37 35.8 137.5 46.7 19.1 12.9 58.2 69.5 
38 37.1 127.6 44.0 18 .2  12.5 59.1 50.3 
39 34.7 141.5 50.7 20.6 13.0 59.1 79.2 
40 35.3 134.2 48.1 21.0 12.8 57.3 65.4 
Mean 35.1 136.3 46.5 19.5 12.9 58.7 71.2 
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Table '3^ . Mean values of characters of 20 sub -sublines of 
Wf9 subline C grown in 1965 at Ames 
Sub- Plant and ear characters Yield 
subline 811k Plant Ear ' rassel Ear Kernel (grams/ 
date ht ( cm ) ht ( cm) br no Ig(cm) wt(gms) plant) 
21 33.5 132.4 44.9 19.1 13.2 55.8 78.9 
22 33.4 131.0 44.0 17 .8  13.1 54.1 65.8 
23 33.8 129.0 42.3 18.5 13.2 53.9 67.0 
24 33.2 131.1 42.1 17.4 13.1 54.5 77.9 
25 32.5 134.0 46.9 18.2 13.5 58.5 75.0 
26 34.1 130.6 45.3 18.3 12.8 53.2 70 .2  
27 32.1 130.0 43.8 17.4 13.7 51.9 76 .7  
28 31.9 132.0 42.6 16 .8  13.8 57.0 83.2 
29 33.4 125.6 44.4 18.5 13.0 55.2 68.2 
30 34.0 131.4 42.6 18.8 13.3 55.8 74.8 
31 33.8 134.8 46.0 18.8 13.3 53.9 73.1 
32 33.9 127.3 41.2 19.4 13.0 55.4 67 .2  
33 33.3 134.0 43.3 19.3 13.2 56 .1  77.8 
34 33.0 131.7 44.2 19.0 13.4 54.8 74,2 
35 32.4 127.9 43.3 16.3 13.1 55.2 75.6 
36 32.6 131.8 43.3 18.2 14.0 56.8 79.0 
37 33.4 126.1 39.7 16.8 12.6 56.4 66 ,9  
38 33.1 137.9 48.1 19.7 13.9 59.6 80.9 
39 32.6 127.7 42.1 16.8 13 .2  53.6 71.2 
40 32.9 132.9 44.3 19.9 13.4 57.5 83.8 
Mean 33.1 131.0 43.7 18.3 13.3 55.5 74.4 
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Table 35. Mean values of characters of 20 sub-subiInes of 
Wf9 subline D grown in 19^5 at Ames 
Sub- Plant and ear characters Yield 
subline Silk Plant Ear Tassel Ear Kernel (grams/ 
date ht (cm) ht (cm) br no Ig(cm) wt(gms) plant) 
21 34.0 142.3 53.4 18.0 13.5 60.3 84.1 
22 33.0 138.9 50.4 17.7 13.4 58.2 80.2 
23 33.9 136.6 46.0 17.2 13.7 52.6 70.7 
24 33.1 141.5 52.2 18.9 13.7 59.6 80.6 
25 33.5 137.6 50.7 18.4 13.1 54.8 79.9 
26 33.8 134.9 49.3 18.2 12.8 52.8 74.0 
27 33.4 140.7 49.4 18.2 13.0 58.6 78.8 
28 33.0 139.1 48.5 18.5 13.4 56.3 85.7 
29 32.2 134.1 47.3 17.0 13.0 58.8 77.5 
30 32.5 135.8 47.3 16.1 13.5 51.7 81.9 
31 34.8 138.0 50.3 16.5 12.4 56.6 70.3 
32 33.2 138.1 48.6 18.8 13.5 52.2 71.5 
33 33.3 142.0 53.1 17.2 13.3 57.0 72.9 
34 34.2 136.3 50.1 19.4 13.4 57.3 76. S 
35 32.8 132.9 48.8 19.1 13.8 ol.l 83.5 
36 34.2 130.0 43.9 16.8 13.0 59.6 66.4 
37 32.3 136.7 49.6 18.8 13.3 62.2 84.4 
38 32.7 135.8 49.3 17.1 13.5 58.9 80.0 
39 33.2 142.7 51.5 17.9 12.9 58.1 79.8 
40 32.8 139.0 52.1 18.0 13.3 56.0 83.8 
Mean 33.3 137.6 49.6 17.9 13.3 57.1 78 .1  
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Table 36. Mean values of characters of 20 sub-subllnes of 
Wf9 subline E grofm In 19^5 at Ames 
Sub- Plant and ear characters Yield 
subllne Silk Plant Ear Tassel Ear Kernel (grams/ 
date ht ( cm ) ht(cm) br no Ig(em) wt(gms) plant) 
21  34.6 133.0 45.9 17.7 12 .3  56.7 79.0 
22 34.0 132.4 47.2 17 .6  12 .5  58.5 79.4 
23 34.4 129 .6  40.3 16 .6  12.1 56.9 69.0 
24 33.7 133.6 46.3 15.8 12.6 60 .4  81.9 
25 34.1 128.3 48.5 17.4 12.0 60 .8  72 .0  
26 33.8 135.6 47 .0  19.4 12.7 58.6 77.6 
27 34.1 129 .3  41.5 15 .8  12.2 56 .8  67 .2  
28 33.4 130 .8  48.9 17.3 12.8 61 .5  02.6 
29 33.1 135.8 46.3 18 .7  12.8 69 .8  65 .4  
30 33.6 130 .8  45.8 18.3 12.5 59.8 77.8 
31 33.4 128.6 44.1 16 .9  12.4. b4.9 68.5 
32 33.1 130.1 41.5 16 .8  12.4 60.7 74.8 
33 33.2 133.0 48.5 18.6 12.3 58.3 76.7 
34 32 .9  135.2 46.4 17 .8  12 .6  59.5 83.0 
35 33.7 129 .3  47.3 16 .5  12.1 64.9 66.2 
36 33.0 133.3 47.3 18.1 12.2 64.6 69 .8  
37 33.4 131.0 45 .0  16.7 12.4 59.7 76.3 
38 33.9 127 .7  41.4 16 .9  11.9 56 .8  74.1 
39 33.6 134.2 50.9 19.0 12.8 61 .3  80.1 
40 33.8 132 .0  47 .6  18.9 12.3 62 .5  75.3 
Mean 33.6 131.7 45.9 17.5 12.4 60 .7  74.8 
Table 37. Mean values for six agronomie characters of sub 
line testcrosses in six Corn Belt inbreds, sum­
marized over three testers and ten environments 
Sublines Yield Stand Moisture Root Stalk Dropped 
X testers (owt/a) pet, pet, 1, pet. 1, pot, ear pot. 
B14 
A-Rf 61.1 97.0 21.6 0.3 2.5 0.2 
B-Rf 59.7 96 .6  21.3 0 .6  2.0 0.2 
C-Rf 59.2 97.5 21,4 0.2 2.3 0.6 
D-Rf 60.3 97.6 21,8 0.2 1.9 0.4 
E-Rf 60.3 97.5 21 ,7  0.5 1.7 0,1 
A 60.8 97.5 21,0 0.6 1.6 0.5 
B 60.5 96 ,2  21.3 0.6 1,6 0.2 
D 59.3 98.1 21.3 0.9 2.1 0.3 
E 57.8 97.1 21.8 0.3 1.1 0,2 
Mean 59.9 97.2 21 .5  0 .5  1.9 0.3 
M14 
A-Rf 59.1 97.4 22.0 5.4 18.8 1.9 
B-Rf 58.4 98 .0  21,8 3.8 20 .7  1,2 
D-Rf 52.7 97.9 21.0 4.8 24,4 0.7 
E-Rf 57.5 97.4 22,4 3.2 21.0 1.3 
A 56.9 97.7 22,2 5.4 17.3 0.8 
B 58.5 97.5 21,6 3.9 19.5 0,8 
C 55.9 98 .0  21 ,5  4,2 18.5 1,0 
D 55.7 97.1 22.6 8,0 18.4 1.4 
E 57.8 97.7 22,4 4,0 22,3 1 . 0  
Mean 57.0 97.6 21,9 4,7 20,1 1.1 
CI03 
A-Rf 64,6 97.5 24,4 0.9 23.8 1,1 
B-Rf 6l,6 96.4 23.5 0.5 21,5 1,2 
D-Rf 61,5 98.1 24.3 2,2 23 ,8  2,0 
A 55.1 96 .8  24.3 2,5 14,8 1,2 
B 62.7 97.4 25 .0  2,7 22,9 1,0 
C 6l.6 97.5 24.6 2,9 24,2 1.3 
D 61.5 97.7 24.5 1,4 24,6 1.7 
E 54.8 97.2 24,2 2.0 16.8 1.3 
Mean 60.8 97.3 24,3 1.9 21 .5  1.3 
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Table 37 (Continued). 
Sublines Yield Stand Moisture Root Stalk Dropped 
T testers (cwt/a) pet. pot. 1. pet. 1. pet. ear pet. 
Oh43 
A-Ef 62.9 97.5 21 ,0  2 .2  9.0 0.7 
B-Bf 60.5 96 .8  21 .6  0.9 6 .0  3.0 
D-Ef 61 .2  97.7 21.4 1.0 8.7 1 .1  
A 63 .2  98.1 21 .8  2 .1  7.6 1.4 
B 6l .6  97.4 21.4 2 .2  5.7 1 .8  
C 60 .7  96 .8  21.9 1.6 6.0 1.0 
D 6l.6 97.9 21.7 0.6 7.4 1.0 
E 60.6 97.5 22.2 1.3 5.2 1.4 
Mean 61 .5  97.5 21.6 1.5 6.9 1.4 
B37 
A 64.3 97.6 23 .1  3.7 5.2 0 .8  
B 64.1 97.5 22.6 3.2 6.8 0.4 
0 63.4 97.3 23.1 2.8 6.9 0.5 
D 65.8 97.2 22.7 4.6 6.7 0.7 
E 63.7 97.8 23.2 3.8 5.6 0.2 
Mean 64.3 97.5 22.9 3.6 6.2 0.5 
Wf9 
A 6 1 . 9  97.6 19.7 1.9 6.8 2.7 
B 62 .2  97.2 20.0 1.0 7.1 2.2 
C 61 .9  97.6 19.6 0.6 7.1 2.4 
D 62 .0  97.5 19.5 1.2 8.1 2.7 
E 62 .0  97.1 19.8 1.1 6.7 2.7 
Mean 62 .0  97.4 19.7 1.2 7.2 2.5 
Table Analysis of variance iaeau squares  for grain yi elds of 
tes t  cro sses grovin at five location • s for tv-'O ye a IE 
Source d.f. Ute Bampton Ames Ankeny 
Yield (cwt./acre) in 1964 
Replications 1 22.68 19.20 105.28 42.13 
Testers (test.) 2 840. 714.69 3533.38^: 1294.56 
Error (a) 2 2.0Ô 5.18 59.81 499.68 
Sublines (sub.) (J  19.86 30.44 34.17 28.25 
Test. X sub. 16 23.21 40.83 51.47^ 36.78 
Error (b) 24 16.25 23.98 19.98 18.26 
Yield (cwt./acre) in 1965 
Repli cations 1 34.56 141.13 64.46 3.37 
Testers (test.) 2 251.34^ ^ 719.(:1" 1796.89^'-:: 411.34 
Error (a) 2 3.04 28.37 7.57 136.75 
Sublines (sub.) c '  21.62 32.53^- 20.96 24.96 
Test. X sub. 16 19.87 14.07 17.63 27.03 
Error (b) 24 11.27 10.29 20.56 45.81 
m 'i-















"Significant difference at the five percent level of probability. 
*'^^8ignificant difference at the one percent level of probability. 
Table 39. Analysis of variance mean squares for grain moisture of Bl4 subline 
testcrosses grown at five locations for two years 
Source d.f. Ute Hampton Ames Anlieny Gr inn ell 
Replications 1 0.46 
Testers (test.) 2 
Error (a) 2 0.01 
Sublines (sub.) 8 1.57^^ 
Test. X sub. 16 0.52 
Error (b) 24 C.63 
Percent moisture in 19^4 
0.18 0.67 3.23 3.42 
9.48 23.37* 16.91 11.33 
1 . 6 3  0.89 5.93 C. 6 1  
0.36 0.57* 0.^9 1.7^ 
0.01 0.31 0.73 1.36 
0.30 0.18 0.41 1.21 
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0 . 4 9  
^•"Significant difference at the five percent level of probability. 
•'"•"Si&:nifleant difference at the one percent level of probability. 
%ble 40. Yield means (cwt/acre) for Bl4 subline test-
crosses grown at five locations in 19o4 
tester Subline Ute Hampton 
B46 rr- A-Hf .3 63.0 
:46 A 3-Rf 63.0 6 2.1 
1:46 % C-Bf ''2.7 63.9 
246 X n-Rf 62.! 57.2 
':J46 X ^I-Bf 63,:' 7^.7 
^46 X A 63.7 
246 ]: 67.3 63.8 
.;46 X D 61.1 63.4 
B4c X ii 61.9 64.8 
B53 X A-iif 61.-'- 6 9.8 
E53 X 3-Iif 64.1 69.1 
B53 X C-Bf 67.1 62.8 
B53 X D-Ef 68.^ (:k. 6 
B53 X E-Rf 73.8 67.6 
B53 X A 63.8 55.9 
B53 X 5 66.7 (8.8 
B53 X D 69.4 65.6 
B53 X E 59.8 59.6 
A257 X A-Hf 80.5 76.1 
A257 X Z'-Rf 78.2 76.2 
A257 X C-Rf 77.5 65.9 
A257 X D-Ef 70.5 78.9 
A257 % g-Rf 78.8 75.2 
A257 X A 77.G 77.2 
A257 X 75.2 73.9 
A257 X D 78.1 74.6 
A257 X E 75.3 82.2 
57.; 51.? ^2.7 
'2.4 52.8 59.9 
59.Z 57.1 59.1 
59.; 5?.:' 59.:' 
57.' 57.:: 
57.4 5^.': 
55.3 54.1 58.4 
58.4 49.6 CO.-
53.0 4S.2 58.4 
4^7 54.2 58.; 
43.0 51./^' 55.7 
44.2 4'9.3 62.1 
54.0 54.1 7^.4 
44.7 51.9 62.4 
43.1 55.9 60.3 
;4.8 39.7 63.9 
43.4 43.4 60.9 
14.n 44.6 56.3 
75.3 65.8 74.0 
71.9 67.0 76.4 
67.9 59.5 71.1 
69.1 66. r 7'" .1 
68.1 61.3 75.2 
69.1 65.0 76.6 
72.7 7-.4 72.1 
72.0 65.0 71.1 
73.8 64.9 72.6 
Subline means as an averag'e of three testcrosses 
A-Rf 69.5 71.3 59.8 57.3 65.0 
3-Ef 68.4 69.1 59.1 57.1 64.0 
C-Bf 69.1 64.2 57.1 55.3 64.1 
D-Ef 67.1 66.9 60.8 58.0 68.7 
E-Rf 72.1 71.2 56.8 53.4 65.1 
A 69.8 66.5 56.6 57.9 66.C 
).7 68.8 54.3 54.8 ko 
D 69.5 67.9 58.0 52.7 64.2 
3 65.7 63.9 53.6 52.8 62.5 
Mean 69.0 68.3 57.4 55.5 64.9 
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Table ^1. Yield means (cwt'acre) for B1'4 subline test-
crosses .sroiMn at five locations in 19 '  5  
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68 .0  
73.9 
Subline means as an averare of three testcrosses 
A-Rf 59.9 55.4 49.1 61.6 62.1 
B-Rf 61.2 54.7 47.3 58.7 57.1 
C-Rf 60.8 52.1 48.0 62.4 58.6 
D-Rf 61.5 50.7 49.5 60.8 59.4 
E-Rf 61.6 53.4 50.5 59.6 59.0 
A 6] .9 57.6 50.5 64.2 57.1 
B 65.9 55.7 49.9 61.2 59.5 
D 63.5 55.5 46.8 58.0 56.8 
S 59.7 51.3 45.1 58.5 60.1 
Mean 61.8 54.0 48.5 60.6 58.9 
•u -
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""able h2. Percent moisture means for B14 subline test-
crosses prora at five locations in 19^^ 
Tester Subline Ute iiaiupton Ames Ani-ceny Grinnell 
546 X A-Rf 19.]^.9 20.5 ^6.c 
B46 X B-Rf 18.8 19.; 19.0 18.Z';.9 
•r46 X C-Rf 19.4 19.^ ^1.1 18.7 
B46 X D-Rf 20.G 19.9 21.1 19.7 26.0 
s46 X 2-Rf 20.1 19.3 20.3 20.o 2^.6 
X A 18.6 18.6 2n.:, 2n.o 24.7 
B46 X B 18.9 18.9 20.5 19.1 2^.1 
X D 18.1 18.6 19.8 19.3 25.2 
346 X 2 20.0 19.3 21.1 20.2 26.0 
B53 X A-Rf 19.4 18.2 18.3 20.0 25.2 
B53 X 5-Rf 18.9 17.3 18.1 18.4 24.9 
?53 X C-Hf 19.4 17.9 18.4 19.9 25.3 
B53 X D-Rf 19.2 17.7 18.1 19.7 25.4 
B53 y E-Rf 19.4 18.0 18.9 19-5 24.4 
35'? X A 19.5 17.4 18.0 18.3 22.7 
553 X B 18.5 17.3 18.5 19.5 24.0 
053 y D 18.8 17.9 18.2 19.3 24.8 
353 X E 20.0 17.8 18.5 18.5 25.6 
A257 X A-Rf 17.7 18.3 18.6 17.5 24.0 
A257 X B-Rf 17.8 18.2 18.4 17.9 24.0 
A257 X C-Rf 17.4 19.1 18.8 18.2 23.4 
A257 X D-Rf 17.7 18.1 18.6 17.4 22.8 
A257 X E-Rf 18.2 18.3 18.5 17.8 25.2 
A257 X A 17.5 18.2 18.6 17.5 23.2 
A257 X B 18.8 18.3 18.6 18.0 23.6 
A257 X D 17.6 18.4 18.5 17.5 24.0 
A257 X E 19.8 18.0 18.7 18.0 23.0 
Subline means as an average of three testcrosses 
A-Rf 18.9 18.4 19.0 19.2 25.3 
B-Rf 18.4 18.2 18.4 18.3 24.2 
C-Rf 18.7 18.8 19.4 18.9 24.2 
D-Rf 18.9 18.5 19,2 18.8 24.7 
E-Rf 19.2 18.5 19.2 19.2 25.0 
A 18.5 18.0 18.9 18.5 23.5 
B 18.7 18.1 19.1 18.8 24.2 
D 18.1 18.3 18.8 18.6 24.6 
E 19.9 18.3 19.4 18.8 24.8 
Mean 18 .8  18 .4  19 .1  18. 8  24.5 
l4o 
?able 43. Percent moisture means for subline test-
crosses f:rown at five locations in 19^5 
Tester Subline Ute Hampton Ames Anlcenv Gr inn ell 
546 5: A-Sf 20.5 5'\9 25.8 25.3 51.2 
B46 X B-Rf 21.2 31.5 25.2 2.4.7 21.1 
B46 X C-Ef 20.2 30.6 26.0 25.4 21.9 
54: D-Rf 2:!. 5 32.2 28.1 26.2 21.9 
B46 X E-Hf 2l!4 31.3 25.4 25.5 21.2 
546 X A 19.s 28.1 25.2 24.6 21.9 
.b46 X 3 2'1.2 30.1 24.7 25.1 22.0 
B46 X D 19.1: 29.0 26.3 24.4 20.8 
B46 X E 20.8 30.1 25.^ 24.8 21.4 
£53 X A-.Rf 19.3 25.9 21.9 22.5 22.9 
E5; X 3- lif 19. 25.7 22.? 22.1 20.7 
•"^5 v X C-Rf 19.5 23.6 22.9 21.7 21.9 
X T)-Rf 19.2 29.0 22.9 2 ?.. ? 22.2 
B5" 3-Rf ?N.N 24.1 22.? 21.0 22.5 
B53 X A 18.9 23.9 23.3 21.0 21.9 
35? T, 18."' 22.8 2?.q 21.? 21.9 
65"^ X D 19.] 25." 24.8 22.8 22.3 
B5; J"- E 19.4 28.4 22.7 23.8 22.5 
A257 -r A-.Rf 19.? 22.8 22. T' 21.8 21.7 
A257 X E-Rf • 20.0 24.0 22.8 24.? 21.5 
A257 X C-Rf 2^.1 23.2 23.4 23.0 20.4 
A257 Y D-Rf 2-.? 22.8 22.7 2 3. n 20.7 
A257 j- E-Rf 20.0 24.5 22.3 25. 21.2 
A257 
A257 










A257 X D 20.1 00 c- 23.5 21.7 21.5 
A257 X E 19.2 23.3 2?.l 24.1 21.1 
Subline means as an average of three testcrosses 
A-Rf 19.7 26.5 23.2 2'.8 21.8 
B-Rf 20.0 27.0 23.4 23.7 21 .1 
C-Rf 19.9 25.7 24.0 23.3 21.3 
n-Ef 20.2 25.0 24.5 23.8 21.5 
E-Rf 20.4 26.6 23.3 23.7 21.6 
A 19.2 24.7 23.9 23.1 21.3 
18.9 25.9 24.3 23.5 21.7 
D 19.5 25.7 24.8 22.9 21.5 
S 19-7 27.2 23.7 24.2 21.6 
Mean 19.7 26.4 21.5 
'T^able 44. Analysis of variance mean squares for grain yields of Ml4 subline 
testcrosses grovm at five locations for two years 
Source d.f. Ute Hampton Ames Ankeny Grinnell 
Yield (cwt./acre) in 1964 
Replications 1 1.96 293.53 1507. 33 156.06 0.15 
Testers (test.) 2 224.72* 184.05 127. 07 91.91 133.80 
Error (a) 2 5.29 32.00 290. 51 146.41 58.18 
Sublines (sub.) o in.40 97.27* 17. 22 32.44^ 89.83 
Test. X sub. 16 18.46 34.43 12. 73 17.22 33.55 
Srro r (b) 24 9.86 31.08 9. 57 13.12 38.23 
Yield ( cwt. /acre) in 1965 
Replications 1 157.76 62.94 260.04 167.13 99.50 
Testers (test.) 2 3.00 2.64 333.09 376.15 8.71 
Error (a) 2 174.42 12.42 30.52 683.56 4.72 
Sublines ( sub. ) 8 84.59* 16.48 10.53 55.36 61.84-)^ 
Test. X sub. 16 26.44 10.29 10.70 40.84 24.30 
Erro r ( b ) 24 33.16 10.48 12.33 32.96 19.06 
•"Significant difference at the five percent level of probability. 
•^-"•^'"Sifmificant difference at the one percent level of probability. 
'T'able Analysis of variance mean squares for grain moisture of subline 
testcrosses grown at five locations for two years 
Source d.f. Ute Hampton Ames Ankeny Grinnell 
Percent moisture in 1964 
Replications 1 0.64 0.48 37.33 0.46 0.15 
Testers (test.) 2 0.84 0.^8 10.21 5.21 15.84i:-
Error (a) 2 0.12 0.11 18.33 1.49 0.07 
Sublines (sub.) 8 0.70** 1.22*i^ 3.53*^^ 2.81-ii-* 3.064i-i^ 
Test. X sub. 16 0.17 0.40 0.60 1.24* 1.01 
Error (b) 24 0.12 0.36 0.52 0.53 0.50 
Percent moisture in 1965 
Replications 1 7.63 0. 04 0.01 7.04 1.34 
Testers (test.) 2 21.29 55.59'" 14.95 5.81 1.26 
Error (a) 2 1.67 1.06 2.06 15.72 0.65 
Sublines (sub.) e 2.79'^^' 3.53^^ 4.24*i- 5.37* 2.40*i^ 
Test. X sub. 16 1.43 0.97 1.01 1.49 0.82 
Error (b) 24 0.50 1.44 • 1.11 1.67 0.65 
"Significant difference at the five percent level of probability. 
•Si""""Significant difference at the one percent level of probability. 
Ih3  
Table 46. Yield means (cwt./acre) for Ml 4 subline test-
crosses grown at five locations in 1964 
Tester Subline Ute Hampton Ames Anlieny Grinnell 
B46 X A-Bf 67 .4  63.6 
B46 X B-Rf 64.3 55 .3  
546 X D-Bf 6n.2  45 .5  
B46 X E-Rf 60 .4  60.0 
B46 A A 64 .5  50 .4  
346 y E 59 .3  50 .2  
546 X C 61 .4  52.6 
546 X D 65 .9  49.6 
B46 X -E 61.3 55 .9  
B53 X A-Rf 70 .0  60. 4  
b53 X :>Rf 71 .9  63 .5  
H53 X D-Bf 64 .  S  49 .8  
X S-Hf 72 .0  56.2 
353 X A 67 .3  54 .9  
B53 X 3 7G.9  61 .5  TH CO 
'L' y 
V C 65.2 57 .G 
ÏÏ53 X D 63.2 48 .2  
35; X S 69.''- 57 .8  
A257 A-Rf 68/2  60. 4  
A257 X 5-Bf 65.6 62.9 
A257 Y D-Rf 67.0 56.8 
A257 E-Rf 70 .9  66.9 
A2 57  X A 68 .8  60.1 
A257 X B 73 .0  57 .4  
A257 X G 68 .1  57 .7  
A257 X D 70 .0  61.2 
A257 X S 70.4 61 .6  
48 .9  62.0 60.5 
44.5 58 .9  63 .6  
44 .8  56.6  52 .3  
44.1 62.4 48 .9  
47 .9  62.9 60.6 
49 .4  61.1 61.1 
47 .6  70.6 58.6 
52.6 59 .7  58 .5  
46 .5  65.4 57 .3  
54 .6  64.4 64 .9  
47 .3  67 .5  61. r 
49 .6 61 .3  51.1 
48 .3  67.9 65.2 
46 .8  68 .8  56.6 
48 .6  66 .3  63.6 
51.1 63.9 50 .9  
44.4 67.8 56.8 
5^.9  72.0 52.8 
45 .3  65 .7  67.6 
41 .7  67.0 69. 9  
41 .0  62.6 54 .3  
43 .1  65 .5  65.8 
43 .5  65 .5  64 . 1  
44 .8  61.0 59 .8  
41 .9  62.5 60.3 
48 .2  59 .7  59 .3  
45 .2  67.1 _ .-63.8 
Subline means as an average of three testcrosses 
A-Rf 68. 5 63.1 49.5 64.0 64.3 -
2-Rf 67.2 60.5 44.4 64.4 64.9 
D-Rf 64.5 50.6 45.1 60.1 52.5 
E-Rf 67.7 61.0 45.1 65.2 59.9 
A 66.8 55.1 46.0 65.7 60.4 
B 67.7 56.3 47.5 62.7 61.5 
C 64.9 55.7 46.8 65.6 56.5 
D 66.3 53.0 48.4 62.3 58.2 
S 67.1 58.4 47.5 68.1 57.9 
Mean 66.7 57.1 46.7 64.3 59.6 
1# 
Table 4?. Yield means (cwt./acre) for Ml4 subline test 
crosses grown at five locations in 19^5 
Tester Subline Ute Hampton Ames Ankeny Grinnell 
JD' j46 X A-Rf 46.8 60.5 44.8 45.0 6?,o 
.846 y B-Rf 52.4 59.9 7^.3 47.5 
B46 y D-Rf 46.7 57.6 4^.9 4o.4 50.5 
B46 X E-Rf 4;.0 56.4 47.3 51.9 64.1 
B46 X A 48.5 62.1 50.4 54.3 64.6 
546 z 3 56.4 58.7 45.9 53.8 61.3 
B46 X C 47.7 59.3 47.4 47.5 62.3 
B46 X D 49.6 58.8 44.9 51.0 5^.9 
E46 X S 5^.6 59.5 46.0 59.1 62.8 
B53 X A-Rf 50.0 62. 9  50.1 61.9 69.1 
B53 X E-Ef 58.7 60.3 47.8 65.1 64.1 
B53 3: D-Rf 48.2 54.1 45.7 53.2 50.1 
R5? X S-Hf 49.1 60.f 50.5 65.5 56.5 
353 X A 51.8 54.3 49.2 55.5 60.5 
E53 X B 60.4 f 2.9 48.4 61.2 59.7 
E53 X C 45.2 56.5 46.9 56.2 56.4 
S53 X D 47.9 55.6 46.2 57.7 56.9 
553 X 3 47.6 61.1 48.4 63.4 64.2 
A257 X A-Rf 52.2 61.7 5^.9 62.7 65.0 
A257 X E-Bf 53.7 60.f 54.6 55.5 58.8 
A257 X D-Rf 43.2 59.1 55.8 46.1 49.4 
A257 X S-Rf 46.4 57.9 58.7 55.5 55.8 
A257 X A 44.0 59.: 51.G 58.4 o2.9 
A257 X a 57.2 62.4 58.7 59.3 r4.2 
A257 X C 54.7 57.8 57.8 5I.6 60.8 
A257 X D 46.9 59.2 52.8 57.1 65.0 
A257 X S 57.3 57.5 52.2 48.5 60.1 
Subline means as an 
A-Rf 49.6 61.6 
2r-Rf 54.9 60.2 
D-Rf 46.0 56.8 
3-Rf 49.5 58.3 
A 48.1 58.4 
3 58.n 61.3 
C 49.2 57.8 
D 48.0 57.8 
E 51.8 59.3 
Mean 50.6 59.1 
average of three testcrosses 
48.6 56.4 f'5.6 
49.8 56.0 61.6 
49.1 48.5 54.0 
52.1 57.6 58.7 
50.1 56.0 62.6 
51.0 58.0 60.7 
50.6 52.1 59.8 
47.9 55.2 59.8 
48.8 57.0 62.3 
49.8 55.2 6n.6 
1^5 
Table ^8. Percent moisture means for subline test-
crosses grown at five locations in 19bh 
Tester Subline Ute Hampton Ames Ankeny Grlnnell 
B46 3C A-Rf 19.1 20.4 
X B-Ef 18.9 20.2 
54 b X D-Ef 17.9 20.5 
.846 X E-Ef 18.6 20.2 
B46 X A 18.9 21 .3 
.546 X E 18.4 19.9 
X C 18.7 20.5 
E46 X D 19.0 21.0 
B46 X E 18.9 20.4 
B53 X A-Rf 18.8 19.6 
353 X c-Ef IS.8 20.0 
B53 X D-Ef 18.6 19.6 
X E-Ef 18.3 2 0. 3 
B53 X A 19.4 21 .2 
X B 18.7 19.1 
B53 X C 18.7 20.4 
E.$3 X. D 19.3 21 . 0 
B53 X E 18.7 20.1 
A2.57 X A-Rf 19.2 20.4 
A257 X B-Rf 18.5 19.9 
A257 X. D-Rf 18.9 19.7 
A257 X B-Rf 18.6 20.7 
A257 X A 19.5 19.8 
A257 X P 18.6 19.6 
A257 X C 19.3 20.0 
A257 X D 20.1 20.9 
A257 X E 20.n 21.3 
21.2 18.7 24.1 
21.1 17.9 25.2 
19.7 17.8 23.7 
21.8 19.2 24.7 
20,8 19.0 25.2 
20.] 18,2 23.9 
20.5 19.4  23.9 
20.7 19.8 25.1 
20.9 18.4 25.1 
22.2 19.5 23.7 
22.2 20.4 24.9 
20.0 17.6 22.9 
23.4 21.7 25.3 
21.6 19.9 24.4 
22.2 18.3 23.0 
21.4  19.4 24.1 
22.8 19.8 2 6 . 4  
22.2 19.5 2 6 . 6  
23.3 20.7 23.2 
22.2 18.4 23.1 
20.6 19.1 22.9 
22.3 19.7 23.3 
22.3 19.6 23.4 
20.5 18.8 22.8 
21.5 19.2 21.5 
23.0 20.8 23.3 
23.1 21.1 22.8 
Subline means as an average of three testcrosses 
A-Rf 18.8 20.1 22.2 19.6 23.6 
B-Rf 18.9 2 0 . 0  21.7 IB. 8 24.4 
D-Rf 18.3 19.9 20.0 18.1 '23.1 
S-Ef 18.6 20.3 22.4 2 0 . 1  24.4 
A 19.2 20.7 21.5 19.4 24.3 
18.8 19.5 20.9 18.4 2 3 . 2  
C 18.6 20.2 21 .1 19.3 2 3 . 1  
D 19.1 20.9 2 2 . 1  20.0 24.9 
E 19.3 20.5 22.0 19.6 24.8 
Mean 18.9 20.2 21.5 19.3 24.0 
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'^able 49, Percent moisture means for Ml4 subline test-
crosses grown at five locations in 19^5 
Tester Subline Ute Hampton Ames Ankeny Grinnell 
R46 T A-Hf 21.3 29.1 
E46 X B-Rf 21.0 29.6 
B46 X D-Rf 18.8 27.6 
546 X E-Rf 21.1 29.8 
E46 X A 20.7 28.9 
246 X E 20.5 29.2 
B46 X C 20.5 26.5 
346 X D 19.7 27.8 
P46 X E 20.4 28.2 
B53 X A-Rf 19.4 24.4 
B53 X 2-Ef 13.1 25.4 
B53 X D-Bf 19." 23.6 
B53 X E-Rf 19.8 26.3 
E53 X A 20.2 25.8 
X B 18.0 25.7 
c53 T C 19.1 23.6 
X D 20.6 25.6 
X E 19.^ 25.0 
A257 X A-Rf 22.2 25.4 
A257 X B-Sf 20.1 26.9 
A257 X D-Rf 19.0 25.8 
A257 ÎC E-Rf 21.8 27.2 
A257 ]- A 21.8 26.^-
A257 X 21.9 26.3 
A257 X C 20.9 26.2 
A257 X D 22.2 28.0 
A257 X E 23.0 26.6 
25.8 23.9 22.8 
24.4 22.3 22.9 
23.6 20.7 23.2 
26.4 21.8 22.4 
24.8 22.2 22.7 
25.1 23.7 22.0 
24.6 21.2 22.2 
25.0 21.8 22.9 
26.1 21.1 23.5 
23.3 20.7 21.6 
22.7 21.2 22.2 
22.2 18.4 24.0 
23.3 22.0 23.5 
23.3 22.0 23.5 
22.2 21.9 22.7 
24.0 19.5 22.6 
24.8 21.8 24.1 
24.7 21.7 25.'"^ 
22.8 . 21.0 22.7 
23.2 21.3 22.0 
23.4 19.4 22.6 
24.6 22.9 23.7 
23.8 21.8 24.5 
22.5 21.5 22.1 
22.4 22.1 22.6 
25.4 22.9 23.7 
25.5 22.4 23.4 
Subline means as an average of three testcrosses 
A-Rf 20.9 26.2 23.9 22.5 22.3 
3-Rf 19.8 27.2 23.4 21.5 22.3 
D-Rf 18.9 25.6 23.0 19.4 23.2 
B-Rf 20.8 27.7 24.7 22.2 23.1 
A 20.8 26.9 23.9 21.9 23.5 
3 20.1 27.0 23.2 22.3 22.2 
C 20.1 25.4 23.6 20.9 22.4 
D 20.8 27.1 25.0 22.1 23.5 
S 20.7 26.5 25.4 21.7 23.9 
Mean 20.3 26.6 24.0 21.6 22.9 
•"^able _$0. Analysis of variance mean squares for grain yields of CI03 subline 
testcrosses groim at five locations for two years 
Source d.f. Ute Hampton Ames Anlceny Grinnell 
Yield (cwt./acre) in 1964 
Replications 1 0.15 58.08 83.21 1.72 333.38 
Testers (test.) 2 704.27 257.73 489.93* 186.20 369.12 
Erro r (a) 2 97.04 53.78 10.41 136.22 28.52 
Sublines (sub.) 7 186.89^^- 456 .65^^'"' '  79.50^H' 43.10 50.64 
Test. X sub. 14 41.65 50.40 70.19*i: 37.38 78.10*-)^  
Erro r ( b ) 21 27.49 39.49 17.58 20.07 24.94 
Yield (cwt./acre) In 1965 
Replications 1 0.56 307.04 39.60 1282.36# 45.63 
Testers (test.) 2 147.62 212.44 1006.45*-"' 963.23^- 1192.41 
Erro r (a) 2 53.70 124.03 5.36 23.97 84.97 
Sublines (sub.) 7 50.12 69.844:i: 192.02-:-" 120.99^:4^ 213.45*^ 
Test. X sub. 14 33.00 17.33^^ 78.22^; 56.24 38.17* 
Error (b) 21 20.23 7.84 26.65 28.94 16.65 
•^^-Signifleant difference at the five percent level of probability. 
•'"'^Significant difference at the one percent level of probability. 
Table 51• Analysis of variance mean squares for grain moisture of CI01 subline 
testcrosses rrovai at five locations for two years 
Source d. f. Ute Ziamoton Ames Anil en y Grinnell 
Eepli cations 
Testers (test,) 
Erro r (a) 
Sublines (sub.) 
^est, X sub. 






3 .11":  
0.^6-: 
Percent molsr.ure in 
1 .20  
8.49 
1 .44  
1 .19 '  
0.62 












0 .73  
1.69 
46 .73  
4 .20  
1 .  
1 .75 '  
0.52 
J 
Percent moisture in I965 
Replications 1 1.3". 33.5'"- 2.34 2.57 C.05 
Testers (test. ) ? 11.73"" 14^.82 54. 7(; -- 3.02 19.12i: 
Erro r (a) .? n. 11 ] n. 19 2.75 2.19 0.30 
Sublines (sub. ) 7 2.: 9"-" 2.79 4.43 3.27" 0.4c 
Test. X sub. 14 \. 42 2.1W 1.61 2.32 1 .49 
Erro r (b) 21 0.35 2.37 n.95 1.26 0.71 
'"Significant difference at the five percent level of probability. 
Siftnificant difference at the one percent level of probability. 
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"'able 52. Yield means (cwi", 'acre) for CIO3 subline test-
crosses ft-rom at fi-re locations in 19^4 














































































































































































Subline means as an average of three testcrosses 
A-Rf 67.6 61.1 71.7 67.2 55.1 
3-Rf 68.1 59.5 .66.9 65.9 58.0 
D-Rf 68.3 63.0 66.5 63.7 55.7 
A 59.8 46.9 62.6 63.0 51.7 
3 66.9 63.8 71.0 71.6 58.7 
c 65.2 55.2 66.3 66.9 53.2 
D 67.6 56.1 68.8 67.4 53.8 
S 52.4 38.6 61.4 64.7 50.3 
Mean 64.5 55.5 66.9 66.3 54,6 
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Table 53. Yield means (cwt./aore) for 01^3 su-line tesi 
crosses f^rorm a-- five locations in 19^5 
-'ester Subline Ute Hampton Ames Ankeny Grinnell 
E^ '6 X A-Rf 58.9 61.7 69.2 65.6 
f46 X 3-Rf 57. 57.1 62.0 55.2 
B46 X D-Rf 55.5 61.9 63.4 53.5 
B46 >: A 53.0 54.5 54.8 64.9 
346 B 54.2 66.6 49.6 49.0 
B46 2: C 58.9 63.9 57.6 66.1 
B46 X D 55.7 62.5 55.3 58.9 
346 X E 4?. 6 51.5 60.0 62.0 
B53 A-Rf 54.5 59.1 59.4 82.4 
B53 X B-Ef 50.1 56.3 55.3 72.8 
B53 X D-Rf 43.6 57.9 51.8 65.2 
B53 X A 47.1 49.2 34. 66.3 
B53 3' i-j 49.6 62.5 54.3 7 0 . 1  
B53 X C 55.7 54.9 45.6 70.8 
353 X D 41.0 58.1 56.0 70.8 
E 56.6 <3.':' 3'%] 71.0 
A257 A-Rf 54.1 6 7. C 69.5 
61.3 
73.4 
A257 X B-Ef 57.6 63.5 66.0 
A257 X D-Rf 48.7 64.8 6'". 2 73.3 
A257 X A 52.6 59.5 65.8 
A257 B  58.5 62.0 60.4 69.3 
A257 X C 58.8 68.5 65.1 C
O 
A257 X D 56.0 61. •• 68.1 78.0 
A257 ][ S 55.0 62.4 64.2 0 ' - • 0 
65.7 























Subline means as an average of three testcrosses 
A-Rf 55.8 62.7 66.0 73.7 64.7 
E-Rf 54.9 58.9 59.4 64.6 60.3 
D-Rf 49.2 61.4 60.4 63.9 63.1' 
A 50.6 54.4 48.0 65.6 48.4 
B 54.1 63.':': 54.7 62.8 59.4 
C 57.7 62.4 56.0 73.9 59.2 
n 5^.9 6% 5 59.8 69.4 61.3 
S 42.4 45.6 51.4 71.2 49.3 
iûean 53. 59.9 57.0 68.1 58.3 
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Table 54. Percent moisture means for C103 subline test-
crosses p:rown at five locations in 19^^ 






















































2 1 . 2  
19 .9  
2 1 . 0  
2 0 . 6  
2 1 .  <  
22 .6  
21  . 9  
2 1  . 4  




2 1 . 2  
2 1  . 2  
21.4 
20 .4  
19 .1  
2 1 . 1  
2 1  . 1  
21 .4  
2 2 . 1  
21 .4  
2 2 . 2  
22 .7  









22 .9  
2 1 . 8  
22.7 
21 .4  
21 .6  
21 .4  
2 2 . 8  
21 .6  
20 .4  
2 2 . 2  
21 .4  
2 2 . 1  
22.1' 
21 .6 
21 .4  
2 2 .  S  
2 2 . 1  
22 .6  
2 2 . 6  
22 .9  
22 .4  
2 2 . 2  
21 .9  
2 1 . 1  
21 .9  






21 .7  
21.0 
24 .9  
21.0 
24 .3  
21.2 
21.8 
2 2 . 8  
21.5 
2 0 . 8  
21.1  
20 .4  
21 .8 
24 .1  
21 .0  
20 .4  
23.9 
21.7 
21 .4  
2 2 . 8  
25.5 
22.1 
24 .2  
2 2 . 1  
23.3 
2 1 . 0  
23.5 
22 .9  
21 .6  
23.9 
2 1 . 8  
22 .9  
















24 .7  
2 1 . 0  
26.8 
2^.2 




A-Rf 21 .3  
B-Ef 19 .é  
D-Rf 20 .9  
A 20 .8  
21 .4  
C 21 .9  
D 21 .4  
S 21 .6  
as an average 
2 2 . 6  2 3 . 0  
2 1 . 6  2 2 . 1  
22.0 23.2 
21 .9  22 .9  
22 .7  23 .4  
22.7 23.0 
22.8 23.0 







21 .4  27 .4  
22.3 26.8 
21 .7  27 .5  
Mean 21 .1  22 .3  '  22 .9  22 .4  26.9 
"able 55. Percent moisture means foi- C1C3 subline test-
crosses at five locations in 19^:5 
Tester Subline Ute Hampton Ames Anlceny Grinnell 
B46 vT A-Ef 21.6 34.2 24.1 24.8 23.0 
346 B-Rf 21.3 33 • ? 24.6 24.4 21.4 
346 T D-Rf 22.7 33.8 26.3 26.6 22.1 
E46 T A 21.4 34.3 26.6 23.3 22.0 
B46 hi B 21.4 33.8 28.1 26.2 22.2 
B46 X C 21.9 34.7 27.3 25.3 23.0 
B46 % D 23.0 32.6 23.0 24.5 22.0 
E46 X E 21.0 32.6 25.5 23.8 22.1 
B53 X A-Rf 23.4 33.0 26.7 2.4.9 24.8 
B53 x Er-Rf 22.6 -^ ,2.4 28.4 24.3 26.2 
'65? y D-Rf 23.3 30.7 26.1 23.8 23.5 
B93 y A 23.7 33.1 29.3 26.9 25.4 
p.5" X 3 24.2 33.9 29.0 25.9 23.8 
B53 X C 22.8 31.3 28.2 24.8 23.1 
B53 3r D 23.4 32.3. 29.0 25.8 24.0 
553 X E 23.3 30.9 28.5 24.6 23.5 
A257 A-Rf 21.7 27.7 24.8 23.4 21.9 
A257 X B-Rf 20.4 25.7 2.4.1 21.7 22.0 
A257 X D-Rf 22.0 27.9 23.7 24.2 23.0 
A257 X A 21.5 27.9 24.4 24.9 23.1 
A257 X B 22.6 29.3 26.3 25.8 22.6 
A257 X C 22.3 28.8 24.7 24.7 22.6 
A257 X D 21.9 27.1 25.4 25.2 22.4 
22.6 A257 X E 21.4 28.8 24.4 2,4.5 
Subline means as an 
A-Rf 22.2 31.9 
B-Rf 21.3 30.4 
D-Rf 22.6 30.8 
A 22.1 31.7 
B 23.3 32.3 
C 22.2 31.5 
D 22.7 30.8 
E 21.8 30.7 
average of three testcrosses 
25.8 24.3 23.1 
25.6 23.4 23.1 
25.3 24.8 22.8 
26.7 25.0 23.5 
27.7 25.9 22.8 
26.7 24.9 22.8 
27.4 25.1 23.0 
26.1 24.2 22.7 
Mean 22.3 31.3 26.4 24.7 23.0 
"'"A bl c 5'^. A.nalysit of - s r Ian ce mean ponares for rrain yl elf s of j pu. biine 
ter*"croFses [rot% a-»* rive loca"^ion& foi t--;o years 
Source d. f, Ute Hampton Ames Ankeny Grlnnell 
Replications 1 
Testers (test.) 2 
Error (a) 2 
Sublines (sub.) 7 
Test. X sub. l4 







Yield (cwt./acre) in 1964 
6 . 0 2  
318.78** 






















Yield (cwt./acre) in I965 
Replications 1 ' 36.40 1.76 6.38 103.55 0.37 
Testers (test.) 2 72.93 476.52 298.69 12.08 1090.84** 
Error (a) 2 7.80 66.08 67.21 116.20 6.16 
Sublines ( sub. ) 7 15.34 50.05** 17.45 30.79 67.41** 
Test. X sub. 14 12.15 23.36 14.47 101.39 33.90 
Error (b) 21 21.00 11.68 13.12 60.98 18.34 
•"Sig-nifleant difference at the five percent level of probability. 
Significant difference at the one percent level of probability. 
"able 57, Analysis of variance uean squares foi- rrsin aolsture of subline 
te et: crop se F rrown a^- fi^-e loca-^lon.v for ^ wo years 
Source d.f. Ute Hampton Ames Ankeny Grinnell 
I 
Percent moisture In 1964 
Replications 1 0.91 0.07 0.01 2. 6 6  0.58 
Testers (test.) 2 4.03 13.07* 5.77 1.17 13.38 
Error (a) 2 0.34 0.33 2.59 0.35 5.31 
Sublines (sub.) 7 0.53 : 0 . 94i^^ 1.34 1.00 2.62* 
Test. X sub. 14 0.11 0.48** 0.66 0.49 1.78* 
Error (b) 21 0.31 0.15 C.70 0.47 0.74 
Percent moisture in 1965 
Replications 1 0.03 0.02 0.20 26.25 0.05 
Testers (test.) 2 11.15^'* 54.36* 27.66 15.28 0.03 
Error (a) 2 0.08 1.02 2.48 3.52 0.01 
Sublines (sub.) 7 2.44 1.65* 1.90 0.40 
Test. X sub. 14 0.19** 1.22 0.59 1.08 0.32 
Erro r (b) 21 0.31 1.86 0.57 1.16 0.46 
•'•"Significant difference at the five percent level of probability. 
Si,çnlficant difference at the one percent level of probability. 
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"able Yield means (cwt.' 'acre) for OhhJ subline test-
crosses prown a-^ five locations in 1 9C 4 
Tester Subline Ute Hampton Ames 
E46 X A-Ef 71.2 64.3 66.0 
B46 X S-Bf 71.9 64,4 69.0 
.646 X B-Hf 64.4 69.4 63.4 
B46 y A 75.3 72.1 71.5 
346 X 71. 5 69.6 66,5 
B46 X C 71.2 64.9 68,4 
B46 :r 13 71.6 65.8 72.0 
546 X S 76.3 73.5 63.9 
55?. X A-Hf 69.8 66.7 53.9 
B53 X B-Rf 71.5 63.6 55.6 
B5; X D-Rf 73.2 6z.o 55.9 
35; X A 7:^.3 60.1. 57.2 
353 X •3 68.7 57.5 57.8 
B53 X C 64.5 55.5 53.7 
B53 X D 68.8 57.9 53.1 
B53 7. E 67.4 52.8 54.1 
AZ57 3: A-Bf 67.5 67.3 63.7 
A257 X B-af 70.0 58.2 57.2 
A257 X D-Rf 68.5 64.8 57.3 
A257 X A 73.4 64.8 63.5 
A257 X B 72.1 56.8 59.8 
A2.57 X C 73.2 6] .5 58.0 
A257 X D 68.7 56.5 61. ^ 


























A-Rf 69.4 6c. 0 61.1 
E-Rf 71.1 62. 0 60.6 
D-Rf 63.6 65.4 58.8 
A 74.0 65.6 64.0 
3 7^.7 61.2 61.3 
G 69.6 60.6 60.0 
D 69.7 60. 0 62.0 
E 7?.7 62.2 60.0 
M ean 7'^.7 62.9 61.0 











"able 59. Yield means (cwt. 'acre) for Oh^3 subline test-
crosses grown at five locations in 19^5 
Tester Subline Ute -Tanio to n Allies Ankeny Gr inn ell 
]346 X A- Rf 56.7 65.9 52.3 
546 X B-fif 61.3 64.7 55.7 
B46 X D- Rf 60. S 63.4 57.6 
546 X Â 63.6 .2 57.9 
1346 X 3 56.6 64.1 53.7 
246 X C 59.4 63.8 59.4 
346 X D 55.6 58.9 61.8 
346 S 59.7 63.2 54.5 
353 Â- Hf 60.9 57.2 52.8 
553 X r- Ef 60.2 47.2 44.9 
153 d: D- Hf 55.0 58.8 51.0 
'f'53 X A 59.:" 53.0 55.5 
553 X 3 63.5 54.5 52.5 
B53 X C 63.3 48.4 48.0 
B53 X D 6n.8 59.0 54.5 
•B53 X S 58.2 45.8 49.2 
A257 yi A-•Rf 54.3 59.7 59.8 
A257 X B-•Rf 56.5 57.3 59.8 
A257 3' D-•Rf 52.3 61.8 61.3 
A25? A 59.1 6-. 7 58.6 
A257 56.5 57.9 58.6 
A257 X C 57.9 52.3 59.7 
A257 vC D 54.8 54.9 59.7 


















































54.9 61.9 65.6 
53.4 66.0 54.9 
56.5 58.9 63.9 
57.3 64.0 61.7 
54.9 63.4 61.7 
55.6 64.2 63.0 
58.6 63.0 65.1 
54.1 65.7 60.9 
55.7 63.4 62.1 
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"^able 60. Percent moisture means for Oh^3 subline test-
crosses grown at five locarions in 1^64 
Tester Subline Ute L-Iamp ton Ames Anlceny Grinnel 
B46 X A-Rf 18.4 21.5 21 .6 18.7 23.6 
B46 X B-Rf 19.2 21.4 21.2 19.4 25.7 
X D-Rf 18.8 21.6 21.8 19.2 26.0 
B46 X A 18.6 21.7 22.; 19.5 26.8 
846 X B 18.8 21.1 21.4 18.6 24.4 
E46 X C 19.4 21.8 22.3 19.0 27.1 
B46 X D 19.4 22.1 21.3 16.9 25.7 
246 E 19.7 22.6 21.9 19.8 27.1 
E53 X A-Rf 18.2 18.9 21.2 19.3 24.8 
B53 B-Ef 18.4 19.7 20.4 20.0 25.5 
B5; X D-Rf 17.6 20.4 19.9 19.9 24.5 
B5; X A 18.1 20.7 2] .1 18.7 24.5 
B5; X B 18.2 20.5 21.1 18.1 26.1 
B5; X G ]8.2 20.n 21.3 19.6 24.1 
B5; X t) 18.0 20.0 20.7 18.6 26.1 
355 X E 18.8 21.0 20.8 19.8 26.8 
A257 X A-Rf 18.0 19.2 20.1 18.5 23.9 
A257 X B-Rf 18.2 20.8 21.4 20.0 25.0 
A257 X D-Ef 18.0 20.2 21.6 19.2 23.7 
A257 X A 17.9 20.2 23.2 20.0 23.4 
A257 X E. 18.2 19.7 21.7 19.8 23.0 
A257 X C 18.2 20. c 22.4 19.7 24.3 
A257 X D 18.2 20.6 22.3 19.7 23.7 
A257 X E 18.5 19.9 22.7 20.3 25.0 
Subline means as an average of three testcrosses 
A-Bf 18.1 19.8 20.9 18.8 24.0 
B-Rf 18.5 20.6 20.9 19.7 25.3 
D-Rf 18.1 20.7 21.0 19.4 24.6 
A 18.2 20.8 22.2 19.3 24.8 
B 18.3 20.4 21.3 18.8 24.4 
C 18.6 20.7 21.9 19.4 25.1 
D 18.4 20.8 21.4 19.0 25.1 
E 19.0 21.1 21.7 19.9 26.2 
Mean 18.4 20.6 21.4 19.3 25.0 
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Table Cl. Percent moisture means for Oh^3 subline test-
crosses rrown at five locations in 19^5 
Tester Subline Ute Hampton Ames Ankeny Grinnell 
E46 X A-Bf 19.1 28.0 24.C 22.? 21.^ 
Ë46 X B-Rf 20.3 26.3 2^.1 23.3 21.? 
E46 X D-Ef 19.6 27.7 23.0 22.6 21.8 
846 X A 20.3 27.5 24.0 23.4 22.0 
B46 % B 19.9 28.2 24.2 23.2 23.1 
546 X C 21 .0  26 .6  24 .1  24 .6  22 .1  
P46 X D 19.8 27.3 23.5 23.5 21.4 
B46 X S 21.1 29 .1  25 .0  23.5 22 .7  
553 X A-Rf 18.1 24.1 21.4 22.3 22.4 
.653 X .B~Rf 13.9 . 9 21,8 2 L'. 5 22.0 
B53 X D-Rf 1 :.3 26.0 20.4 21.5 22.0 
B53 X A 18 .6  25 .4  21 .9  22 .3  22 .0  
Ë53 X B 16 .0  23 .5  20 .8  21 .4  21 .7  
P5i X C 19 .6  25 .2  21 .6  22 .2  22 .4  
353 X D 18.4 25.4 22.2 21.8 21.8 
B53 X S 19 .0  24 .9  21 .9  20 .6  22 .1  
A257 X A-Bf 18.2 22 .7  20 .9  20 .2  21.8 
A257 X 3-Bf 19.6 23.9 23.3 21.3 22.2 
A257 X D-Rf 19.5 24.2 22.3 20.9 22.0 
A257 X A 19 .6  24 .8  22 .8  21 .5  21 .9  
A257 X B 19 .0  24 .7  22 .6  21 .8  22 .2  
A257 X C 19.4 24.2 23.2 22.5 22.1 
A257 X D 19 .7  25 ,5  22 .9  23 .7  22 .1  
A257 X E 19 .8  25 .8  22 .8  22 .4  22 .8  
Subline means as  an  average of three tes tcrosses  
A-Rf  18.5 24 .8  22 .0  21.7 21 .8  
B-Rf 19 .5  24 .6  23 .4  21 .7  21 .9  
D-Rf 19 .1  25 .9  21 .9  21 .6  21 .8  
A 19 .4  25.8 22 .8  22 .4  21.9 
3  18 .9  25 .4  22 .5  22 .1  22 .3  
C 19 .6  25 .9  22 .9  23 .0  22 .1  
D 19 .2  26.0 22 .8  23 .0  21 .7  
E 19 .9  26.5 23 .2  22 .1  22 .5  
Mean 19 .3  25.6 22 .7  22 .2  22.0 
'able (2, Analysis of '-^avlance mean squares for fjrain yields of "37 subline 
!.es!- cro s ses srovm at. five locations for two years 
Source d.f. Ute Hampton Ames Anlieny Gr inn ell 
Yield (cwt./acre) in 1964 
Replications 1 2.8C 60.21 34.99 186.50 4.88 
Testers (test.) 2 985.37^--^ 142.61 20. 7 c 309.17 104.83 
Error (a) 2 3.67 69.33 18.03 39.85 52.39 
Sublines ( sub. ) 4 5.^7 16.36 29.75 37.77 54.08 
Test. X sub. 3 19.83 16.53 7.55 28.83 31.47 
Erro r (b) 12 24.16 16.68 19.94 51.66 43.00 
Yield (cwt./acre) in 19^-5 
Replications 1 168.03 46.37 176.66 0.51 28.42 
Testers (test.) 2 307.89 3.71 210.39 93.33 355.22 
Err0 r (a) 2 51.34 11.78 14.54 41.99 38.64 
Sublines (sub.) k 16.^9 5.98 57.40i!i: 24.59 64.62 
'Test. X sub. 8 4.68 9.40 5.30 11.41 22.44 
Error (b) 12 9.96 e.23 8.89 16.80 19.98 
i^Signifleant difference at the five percent level of probability. 
-;;-!rSip:nificant difference at the one percent level of probability. 
' 'al-.ae CZ. Analysis of variance mean squares foi' xraln "aol sture of -37 subline 
testcrosses f rov-m at five locations fo \ two years 
Source d.f. Ute LRampton Ames Ankeny Grinnell 





Test. X sub. 










0 . 6 2  
0 .18  
























'0 ercent moisture in 1965 
Replications 1 0.00 3.60 0.13 7.60 0.00 
Testers (test.) 2 17.68** 24.28 8.15-"":' 4.08 2.97^^ 
Erro r (a) 2 0.01 1.71 0.04 0.38 0.11 
Sublines (sub.) 4 0.52* 2.85*1: 1.23 1.03 0.52 
ICest. X sub. 8 0.45-:: 1.71-:: 0.44 0.66 0.55 
Error (b) 12 0.12 0.46 0.52 0.88 0.22 
"Significant difference at the five percent level of probability. 
••'^••"Significant difference at the one percent level of probability. 
I6l 
-able 64. Yield means (cwt,/acre) for E37 subline test-
crosses pTown at five locations in 19':4 
Tester Subline Ute Hampton ilmes Anlceny Grinnell 
246 J A 67.8 6 4.^ 59 .1  46.9 69.2 
B46 X TZ' 71 .9  6n .5  57 .6  5G.7  67.0 
2^6 X C 66.8 65 .7  56 .3  42 .6  66.2 
B^6 X D 67.8 62.6 62.4 55 .6  66.3 
246 X E 69.'"' 62 .5  59 .1  48 .3  69.6 
B53 X A 80.3 73 .1  60.4 65.0 68 .3  
E53 X B 76.8 75 .2  52.3 61.2 63 .3  
353 X C 79 .7  65.1 52.1 57 .5  66 .1  
B53 X D 80 .5  69.2 55 .5  63 .4  70 .9  
B53 X S 74 .1  70.4 57 .3  54 .7  61.9 
A257 X A 60.5 70.8 58 .0  57 .9  66 .5  
A257 X 3 53 .9  71 .3  57 .6  50 .5  51.8 
A257 X C 56.0 68.7 54 .6  56.3 57 .9  
A257 X D 60.1 67 .4  60.7 53 .5  63 .9  
A257 X E 61 .8  66 .1  56.8 55 .2  67.1 
Subline means as an average of three testcrosses 
A 69 .4  69 .7  59 .1  57 .2  68.0 
B 67 .5  68 .9  55 .8  54.1 60.6  
C 67 .4  66 .4  54 .2  52 .1  63.3 
D 69 .4  66.3  59 .5  57 .4  67.0 
E 68 .3  66 .3  57 .7  52 .7  66.2 
Mean 68 .4  67.5 57 .3  54 .7  65.0 
j62 
-able ^5, Yield means ( cTft. 'acre) for 217 subline test-
crosses orro'wn at five locations in 19>' 5 
A257 
X A 60.8 62.0 58.4 
X B 64.4 61.6 64.9 
X C 60.1 61.5 66.7 
X D 61 .4 63.0 60.4 
X E 64. 7 59.8 60.4 
X A 72.3 61. (• 53.2 
X 73.7 60.2 60.1 
X C 68.6 56.4 61.1 
X D 69.1 63.1 58.4 
X S 70.7 60.5 56.6 
X A 61.1 59.5 50.8 
X p 62.1 ô4.4 52.1 
X C 57.6 62. 56.9 
D 62.1 59.9 53.4 
X 3 59.5 59.5 52.9 
Tester Subline Ute Hampton Ames Ancien,y Grinnell 
B46 n 75.8 66.0 
B46 79-5 78.3 
B46 o 80.0 74.1 
B46 z  6 78.8 76.4 
B46 z 76.4 71.9 
_ .. _ 7'S.7 54.2 
353 B 75.7 60.3 
B'^3 c 3 78.1 61.3 
B53 z 75.6 66.5 
B53  ^ 69.1 05.1 
24.9 67.6 
24.2 66.3 
, . , 24.5 65.1 
A257 X 23.9 70.4 
23.4 72.3 
Subline means as an 
A 64.7 60.9 
3 66.6 62.0 
G 62.0 6n.l 
D 64.1 62. n 
E 64.9 59.9 
;i ean 64.5 61.0 
averafce of three testcrosses 
54.1 77.2 62.5 
59.0 . 78.1 68.2 
61.5 79.7 66.7 
61.0 80.1 71.1 
56.6 75.1 69.7 
58.4 78.1 67.6 
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-'able . Percent moisture means for B37 subline test-
crosses prown at five locations in 196^ 
Tester Subline Ute Hampton Ames Ankeny Grinnell 
B46 z A 20.9 2;.8 23.2 20.7 25-9 
B46 X B 21.3 2;.l 2;.5 22.0 25.1 
B46 X C 21.7 23.9 24.7 22.2 2^.^ 
B46 3: 0 20.7 23.0 23.4 22.1 2^.3 
B46 X E 21.4 24.2 24,9 22,0 25* 1 
B53 X A 19.1 20.6 20.31 21. c 2^.2 
PS" X B 19.0 19.7 20.9 19.9 24.6 
X C 19.5 21. C 21.8 20.7 24.5 
553 X D 19.6 2-.7 21.2 20.8 24.6 
253 E 19.7 2^.7 21.2 21.. 4 26.2 
A257 X A 18.5 20.6 23.8 23.2 24.7 
A257 X 3 18.4 20.8 23.6 22.2 25.; 
A257 X C 19.2 21.0 24.1 20.5 26.3 
A257 X D 19.- 20.? 23.1 22.5 25.1 
A257 X E 19.7 21.3 23.8 22.3 24.8 
Subline means as an average of three testcrosses 
A 19.5 21.6 22.4 21.8 25.2 
E 19.5 21 .1 22.6 21.3 24.9 
C 20.1 21.9 23.5 21.1 25.4 
D 19.8 21.3 22.5 21.8 24.9 
E 20.2 22.0 23.2 21.8 25.3 
Mean 19.8 21.6 22.8 21.5 25.1 
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"able r?. P ere en'- moisture means for subline test-
crosses f.rov/n five 1 oca1 ons in 1 9r'5 
Tester Subline Ute Hampton Ames Anlceny Grinnell 
H46 X A 22.7 29.5 25.8 25.4 22.6 
E^ o X E 22.3 29.4 24.1 24.3 21.4 
B46 X C 22.0 29.5 24.0 24.8 22.4 
E^ .6 X D 21.4 27.9 24.2 25.6 22.4 
E46 X E 21.4 28.8 25.0 25.5 21.6 
E53 y A 19.7 25.8 23.1 26.2 23.3 
B$3 % 3 19.4 24.0 22.'^  24.7 22.4 
953 % C 20.4 26.5 23.^  24.8 22.6 
E5; X D 19.3 25.6 23.2 25.0 22.3 
X E 20.4 27.8 22.9 26.1 22.6 
A257 X A 19.9 27.8 24.3 24.9 21.5 
A257 X B 19.3 27.7 23.6 24.2 21.4 
A257 X C 19.4 29.4 24.1 24.5 20.5 
A257 X D 19.3 27.0 23.0 23.9 22.0 
A257 X E 19.6 27.9 24.3 23.4 22.1 
Subline means as an average of three testcrosses 
A 20.7 27.6 24.3 25.5 22.4 
3 20.2 26.9 23.2 24.3 21.7 
C 20.5 28.4 23.7 24.6 21.8 
D 19.9 26.8 23.4 24.7 22.2 
E 20.4 28.1 24.0 24.9 22.0 
Mean 20.4 27.6 23.7 24.8 22.0 
''able f8. Analysis of variance mean squares for /rain yields of Wf9 subline 
testcrosses ^~roKn at five locations for two years 
Source d.f. Ute Hampton Ames Ankeny Grinnell 
Yield (cwt./acre) in 1964 
Replications 1 57.1] 47.12 310.41 28.03 139.10 
Testers (test.) 2 54.57 4.52 180.67* 7.52 5.49 
Error (a) 2 35.47 11.31 6.33 79.29 27.47 
Sublines (sub.) 4 25.86 6.02 7.74 21.08 18.43 
Test. X sub. 8 17.05 25.87 3.13 7.82 50.23 
Erro r ( b ) 12 16.80 14.46 6.04 9.06 22.79 
Yield (cwt./acre) in 1965 
Replications 1 49.66 2.88 27.46 394.58 0.62 
Testers (test.) 2 0.78 29.72 256.09*-% 297.26 71.91 
Error (a) 2 45.72 33.94 0.04 19.14 10.77 
Sublines (sub.) 4 18.23 11.15 14.63* 18.34 40.54 
Test. X sub. 8 9.87 2.89 5 .95  99.53 31.35 
Erro r ( b ) 12 19.39 8.79 4.4o 51.30 29.33 
•^•Significant difference at the five percent level of probability. 
Significant difference at the one percent level of probability. 
•'"able f 9. Analysis of variance mean squares for grain moisture of Wf9 subline 
tesLcrosses gromi at five locations for two years 
Source d.f. Ute Ilampton Ames Anlceny Grinnell 
Percent moisture in 1964 
Replications 1 0.02 0.64 2.76 0.32 0.15 
Testers (test.) 2 7.97 10.69^"^ 5.85 0.90 44.90*i 
Error (a) 2 0.66 0.38 2.07 2.29 0.15 
Sublines (sub.) 4 0.25* 0.32 1.85 0.71 0.63 
Test. X sub. 8 0.08 0.15 0.74 0.25 0.48 
Error (b) 12 0.05 0.12 0.75 0.58 0.41 
Percent moisture in I965 
Replications 1 
Testers (test. ) 2 
Erro r ( a ) 2 
Sublines (sub,) k 
Test. X sub. 8 
Erro r (b) 12 
2.24  
27 .75^  
0 .25  
0.18 
0 .04  
0 .26  
23 
0 .24  




1 .18  
0.07 
3^ .08^  
0.19 
0 . 2 0  
0 .56  
^ .30  
5 .89  




1 .76  
-"Significant difference at the five percent level of probability. 
*')'-8ignificant difference at the one percent level of probability. 
0.62 






""able yn. Yield means (cw^, 'acre) for Wf9 subline test­
cro sses p-row] ai- five locations in 19(^4 
Tester Subline Ute I-Jampton Ames Anlceny Grinnell 
P46 y A 72.0 65.9 53.7 59.8 62.1 
E46 X B 70.2 60.7 52.3 53.9 58.8 
B46 y C 65.5 61.9 49.0 61.3 65.4 
346 X D 72.8 58.7 50.8 61.2 61.1 
B46 X E 71,3 61.1 52. G 61.1 63.9 
X A 73.0 63.3 52.5 62.2 64.2 
B53 X B 75.1 58.9 50.8 58.2 74.7 
3^3 X C 68.8 61.1 51.4 59.0 60.1 
B5; y D 78.9 66.4 53.6 62.1 61.8 
B5; y E 71.1 64.5 53.7 59.6 57.9 
A257 X A 3 59.5 43.9 58.3 60.9 
A247 y B- 72.3 66.8 44.4 59.8 63.5 
A257 X C 69.9 59.6 43.1 61.2 61.1 
A257 X D 68.0 64.3 46.6 63.5 68.4 
A2^7 X E 68.6 58.3 45.5 63.1 61.4 
Subline means as an average of three testcro sses 
A 62.4 70.0 62.9 50.0 60.0 
B 65.6 72.5 62.1 49.] 57.2 
C 62.1 68.0 60.8 47.8 60.4 
D 63.7 73.2 63.1 50.3 62.3 
E 61.0 70.2 61.2 50.6 61.2 
Mean 63.0 70.8 62.0 49.5 60.3 
168 
""able 71.  Yield means (cv. :  . /acre)  for  Vf9 subline test-
crosses trovrn a t  f ive locat ions in 19^5 
Tester Subline Ute Hampton Ames Ankeny Grinnell 
E46 y A 
546 y B 
B46 X C 
B46 X D 
B46 y E 
B53 y A 
B5; y B 
B53 y 0 
5^; y D 
353 y E 
A2^7 y A 
A257 X B 
A257 y C 
A2^7 D 
A257 X 2 
64 .1  63 .2  62 .6  58 .7  75 .1  
64.i  59 .6  62 .0  68 .5  71 .2  
64.4 59 .4  63 .3  75 .3  70 .8  
62 .9  62 .3  63 .5  69 .1  59 .8  
62 .6 63 .0  64 .2  74.8 71 .0  
60 .4  60 .1  51.4 65 .9  64.5 
^6 .8  59 .2  54 .2  59 .4  65 .8  
65 .7  60.8 51.1 54 .9  67 .9  
67 .6  59 .2  52 .1  60.8 67 .6  
60 .6  62.3 56 .0  51 .0  61 .8  
59 .7  58 .7  57 .4  69 .5  70 .6  
64.4 57 .6  58 .6  66.0 68 .9  
64 .3  57 .5  59 .5  68 .8  75 .9  
66 ,1 ^5 .9  53 .8  55 .8  66.4 
65 . ;  61 .0  61 .5  62 .3  71 .2  
Subline means as an average of tl 'Q'ee 
A 70 .0  61 .4  60.6 57 .1  
3 68 .6  65 .1  58 .7  58 .2  
G 71 .5  64.8 59 .2  57 .9  
D 64 .6  65 .5  59 .1  56 .4 
S 67 .9  62 .8  62 .0  60 .5  
M ean 68 .5  63 .9  59 .9  58 .0  
64.6 
64 .6  
66.3  
61 .9  
6 2 . 6  
64.0 
'2 .  Percent moisture means for Vf9 subline tes 
crosses vrown at  f i"e locations in 19'  ^ 
Tester Subline Ute Hampton Ames Ankeny Grinnell 
846 X  A 18 .3  18 .3  20 .5  16 .9  24 .2  
346 X  B 18 .6  19 .1  21 .  n 17 .7  24 .2  
346 C 18 .2  18 .3  20 .1  17.3 23 .6  
.B46 X  D 18 .1  18 .6  20 .2  16 .8  23 .3  
B46 X  E 18 .3  19 .2  20 .2  17 .5  23 .4  
B53 X  A 16 .7  16 .7  19 .7  16 .6  19 .6  
55? X  B 17 .0  16 .9  19 .5  17 .9  20.1 
B53 X  G 16 .2  16 .6  18 .4  17 .7  20 .2  
35; :: D 16 .8  16 .3  17 .8  16 .9  20 .3  
B53 S 16 .5  16 .7  19 .9  16 .8  20 .3  
A247  X  A 1 6 . 4  17 .7  21.1 17 .8  19 .8  
A2.57 3r r,^ 17 .1  18 .2  19 .7  18 .2  21 .2  
A257  X  C 16 .8  17 .7  19 .7  17 .3  19 .9  
A?57 X  r <  16 .9  ]  7 .9  19 .9  17 .7  19 .3  
A257 }r E 16 .9  17 .6  21 .5  17 .7  20 .0  
Subline means as an average of three testcrosses 
A 21 .1  17 .1  17 .5  20 . 4  17 .0  
B 21 .8  17 .5  18 .0  20 .0  17 .9  
C 21 .2  17 .0  17 .5  19 .4  17 .3  
D 20 .9  17 .2  17 .5  19 .2  17.1 
E 21 .  " 17 .2  17 .8  20 . 4  17 .2  
Mean 21 .2  17 .2  17 .7  19 .9  17.3 
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Percent moisture means for Wf9 subline test-
croFses rrown at five locations in 19^5 













A 19.3 3^-^.2 21.3 25.8 20.2 
y B 20.1 31.7 21 .2 2 5 . 0  21.8 
•\r C 19.9 30.2 21 . 2  23.4 21.5 
X D 19.9 29.6 20.9 24.7 20.9 
X S 19.9 29.6 20.8 2.3.7 21.4 
X A 16.8 21.3 IS.I 19.5 19.6 
X E 17.2 20.7 16.3 21.0 19.2 
C 16.9 20.5 16.9 2 2 . 2  19.6 
X D 16.9 21.2 17.5 19.7 19.0 
X  S 17.0 21.2 17.9 2 0 . 7  19.5 
A 16.7 24.1 18.6 21.0 19.6 
X  B 17.3 2 3 . 0  19.2 21.8 21.1 
X C 17.2 22.9 18.6 21.8 2 0.1 
X D 17.4 22.6 18.8 21.9 19.6 
X E 17.4 22.6 18.8 22.2 19.D 
Subline means as an average of three testcrosses 
A 19 .8  17 .7  
a  2 0 . 6  i e . 2  
c  2 0 . 3  17.9  
D 19 .8  16 .0  
E  20.1  18 .1  
I'lean 20.1 13.0 
25.1 19.3 22.1 
25.0 18.9 22.5 
2.4.5 18.8 22.4 
24.4 19.0 22.0 
24.4 19.1 22.1 
24.7 19.0 22.2 
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Table 7^. Means of six characters for each source of nine 
double crosses combined across ten environments 
Double- Yield Stand Moisture Root Stalk Dropped 
cross  ( cwt /a )  pe t ,  pe t ,  1 ,  pe t ,  1 ,  pe t .  ear  pe t ,  
source 
(Wf9  z  B37) (B14  X C103) 
A  61 .5  90 .7  22 .3  1 ,4  7 .7  1 .1  
B  57 .3  93 .5  22 .3  0 .1  3 .0  1 ,6  
C 61 .0  93 .0  23 .2  1 .3  2 .7  1 .2  
D 60 .3  94 ,4  22 .0  0 .9  6 .3  2 .0  
E  59 .6  92 .5  22 .6  1 .1  4 .4  1 .5  
Mean 59 .9  92 .8  22 .5  1 .0  4 .8  1 .5  
(Wf9  X B37) (Oh43  X C103) 
Â  63 .2  94.0 22 .8  1 .0  6 .6  0 .9  
B  61 ,0  93 .5  21 .9  0 .4  7 .1  1 .6  
C 63 .7  94 ,4  22 .7  1 .3  8 .4  1 .3  
D 62 ,4  93 .0  23 .6  2 .4  7 .0  2 .6  
Mean 62 .6  93 .7  22 ,8  1 .3  7 .3  1 .6  
(Wf9  X B37)(Oh43 X B14) 
A  62 .9  94 .6  20 ,8  1 .4  4 .4  1 .0  
B  60 ,5  91 .7  19 .7  2 .0  5 .6  0 .7  
C 59 .8  92 .5  20 ,7  1 .2  3 .3  0 .6  
D 60 ,5  92 .6  20 ,9  3 .2  4 .6  0 .9  
E  61 ,8  93 .6  21 ,0  1 .5  2 .9  0 .5  
Mean 61 ,1  93 .0  20 ,6  1 .9  4 .2  0 .7  
Table 74 (Continued), 
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Double- Yield Stand Moisture Boot Stalk Dropped 
cross  ( cwt /a )  po t ,  pe t .  1 .  pe t .  1 ,  po t ,  ear  po t .  
source 
(Wf9  I  M14) (B37  % B14) 
A  65 .0  95 .1  21 .8  3 .5  4 .8  0 .1  
B  62 .2  94 .9  21 .2  1 .5  6 .1  0 .5  
C 62 .5  92 .7  20 .6  3 .5  5 .5  0 .7  
D 63 .6  95 .5  20 .2  3 .9  6 .7  0 .5  
E  65 .1  93 .6  20 .4  6 .7  5 .1  0 .3  
Mean 63 .7  94.4 20 .8  3 .8  5 .6  0 .4  
(Wf9  z  Ml4) (0h43  X CI  03 )  
À  64 .1  96 .2  23 .0  3 .3  10 .6  0 .9  
B  62 .9  97 .0  21 .3  1 .4  8 .9  1 .0  
C 60 .9  95 .2  22 .1  1 .8  10 .5  1 .0  
D 60 .4  95 .5  21 .6  1 .9  10 .8  1 .4  
Mean 62 .1  96 .0  22 .0  2 .1  10 .2  1 .1  
(Wf9  X Ml4 ) (0h43  X B l4 )  
A  62 .0  95 .7  21 .7  2 .3  6 .1  0 .5  
B  62 .6  95 .6  19.7 4 .6  9 .7  0 .9  
C 58 .7  95 .4  20 .7  4 .1  10 .6  0 .4  
D 58 .3  93 .7  20 .4  1 .7  7 .1  0 .8  
E  61 .0  95 .6  21 .5  4 .6  6 .1  1 .3  
Mean 60 .5  95 .2  20 .8  3 .5  7 .9  0 .8  
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Table 74 (Continued). 
Double- Yield Stand Moisture Boot Stalk Dropped 
cross  ( cwt /a )  pe t .  po t .  1 ,  pe t .  1 ,  po t .  ear  pe t .  
source 
(Wf9  X M14) (B14  X CI03)  
Â  63 .6  96 .1  23 .1  0 .0  9 .7  1 .3  
B  60 .4  96 .6  22 .3  2 .3  7 .5  2 .0  
C 60 .4  95 .1  22 .1  0 .8  8 .1  1 .5  
D 60 .7  95 .6  22 .1  1 .2  9 .8  1 .6  
E  61 .9  96 .5  22 .5  0 .7  7 .7  1 .8  
Mean 61 .4  96 .0  22 .4  1 .0  8 .6  1 .6  
(Wf9 Ï  Oh43) (B l4  I  B37) 
A  65 .0  92 .9  20 .8  1 .1  4 .6  0 .7  
B  63 .1  92 .6  20 .6  0 .3  4 .7  1 .9  
C 60 .4  92 .9  21 .5  0 .4  4 .3  0 .5  
D 61 .6  93 .4  21 .6  0 .0  4 .7  1 .0  
E  62 .7  93.6 22 .3  1 .4  3 .3  0 .5  
Mean 62 .6  93 .1  21 .4  0 .6  4 .3  0 .9  
(Wf9 X Oh43) (B l4  X CI03)  
À  63 .1  94 .0  21 .6  0 .0  4 .8  1 .1  
B  59 .9  92 .5  22 .2  0 .1  2 .9  2 .3  
C 58 .6  92 .9  22 .7  0 .1  4 .7  2 .0  
D 58 .6  94 .5  22 .5  0 .3  7 .1  2 .3  
E  55 .1  94 .5  23 .5  0 .4  5 .6  2 .3  
Mean 59 .0  93 .7  22 .5  0 .2  5 .0  2 .0  
Table 75' Analysis of variance mean squares for (Wf9 x B37)(Bl4 % Cl^?) 
grown at five locations for two years 
Source d.f. Ute Hampton Ames Ankeny Grinnell 
Yi eld (cwt./acre) in 1964 
Replications 1 35.34 132.50 11.45 37.64 26.90 
Seed sources 4 34.67 6.83 10.02 12.56 70.71* 
Error i|- 25.45 14.12 3.07 15.11 5.47 
Yi eld (cwt./acre) In 1965 
Replications 1 8.28 1.30 14.40 54.76 4.49 
Seed sources 4 28.95 9.67 35.05 18.78 23.12 
Error 4 15.8f 16.54 13.24 29.14 10.70 
Percent moisture in 1964 
Replications 1 0.00 2.12 0.40 0.05 0.36 
Seed sources 4 0.15 1.17 1.58 0.10 0.76 
Error 4 0.12 0.67 1.31 0.09 0.87 
Percent moisture in 1965 
Replications 1 0.14 1.30 0.90 0.44 3.36 
Seed sources 4 0.49 0.56 2.23 0.96 1.01 
Error 4 0.08 3.44 1.46 0.36 1.03 
^Significant difference at the five percent level of probability. 
^^Significant difference at the one percent level of probability. 
175 
Table 7C Yield and percent moisture means for sources of 
(yf9 r B37)(B1^' y 01^3) rrovm at five locations 
in lOfk anri 1QFÇ 
Double-cross lite u8:;ro ton A'nes Aniceny urinnell 
source 
Yield. (, cwt./acre) In 1964 
a (5.3 63.7 50.5 43.8 68.3 
63.8 60.9 5^.0 40.0 52.6 
C 71.8 59.8 52.6 48.9 50.1 
D 60.6 60.3 55.3 49.6 64.5 
3 63.5 58.8 49.7 47.2 62.4 
Mean f5.o 60.7 51.6 47.9 61.4 
Yield (cwt./a ore) In 1965 
A 5f.f 59.3 63.0 77.3 67.1 
3 52.3 53.3 54." 73.6 62.9 
C 60.1 57.1 57.8 78.2 69.3 
D 55.7 57.4 6 b.9 73.6 61.7 
S 62.0 57.4 57.2 68.7 68.4 
Mean 57.3 56.9 59.6 73.1 65.9 
Percent moisture In 1964 
À 20.; 20.6 21.7 19.8 25.2 
-p. 20.1 20.5 21.6 19.9 26.1 
C 20.6 22.3 23.6 20.0 26.7 
D 20.1 20.6 21.6 20.2 25.9 
S 19.9 21.2 22.6 19.6' 25.3 
M ean 20.2 21.1 22.3 19.9 25.9 
Percent moisture in 1965 
A 19.8 28.3 20.8 25.2 21.0 
B 19.8 27.6 20.8 24.6 21.5 
C 20.S 27.9 23.0 24.6 22.0 
D 19.8 27.1 20.2 23.4 21.1 
E 19.6 28.3 21.1 24.9 22.7 
Mean 20.0 27.9 21.2 24.5 21.7 
Table ??, Analysis of variance mean squares for (Wf9 x B37)(Oh43 x C103) 
grown at five locations for two years 
Source d.f. Ute Hampton Ames Ankeny Grinnell 
Yield (cwt./acre) in 1964 
Replications 1 2.88 5.^5 12 .75  1 .20  113 .25  
Seed sources 3 68 .10  50 .25  1 .84  4 .85  15 .75  
Error 3 21 .96  20.74 4 .84  5 .73  20.80 
Yi eld (cwt./acre) in 1965  
Replications 1 149 .65  4 .35  1 .45  41.40 0 .10  
Seed sources 3 18 .50  8.17 8 .46  14 .80  22 .64  
Error 3 6 .23  3 .54  8.32 19.04 7 .70  
Percent moisture in 1964 
Replications 1 0 .50  0.01 0.08 0 .28  0.45 
Seed sources 3 0.94 1 .95  1 .39  1.14** 0 .77  
Error 3 0.27 0 .33  1 .16  0 .11  1.25 
Percent moisture in 1965 
Replications 1 0 .36  2 .65  0 .91  3 .51  0. 04 
Seed sources 3 0 .77  8 .85  2 .94  1 .35  1 .77  
Error 3 0 .35  2.04 0 .55  2.70 0.32 
^Significant difference at the five percent level of probability. 
"•"•Significant difference at the one percent level of probability. 
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'^able 78. Yield and oercent moisture means for sources of 
(Wf9 >' 3^7)(Gh%; r Cl^l) crotvn al; five locations 
in 1964 ana 19C: 
Double-cross Ute Hampton Ames Ankeny Grinnell 
source 
Yield ( cw t ./acre) in 1964 
A 64.6 66.5 63.6 56.3 55.7 
B 62.4 61.4 61.6 53.4 57.2 
C 68.7 64.0 61.7 55.5 61.7 
D 75.7 54.9 61.7 53.2 60.5 
Mean 67.9 61.7 62.2 54.6 58.8 
Yield. (cw t./acre) in 1965 
A 58.2 55.7 67.6 76.1 67.6 
E 57.1 56.2 63.5 70.4 66.4 
C 63.5 56.6 67.1 71.2 66.3 
D 57.3 52.2 64.3 70.6 73.4 
Mean 59.n 55.2 65.6 72.1 68.4 
Percent moi sture in 1964 
A 19.5 21.5 21.1 21.1 27.1 
5 19.4 20.3 23.0 19.3 25.6 
C 19.9 22.2 22.2 20.2 26.5 
D 20.9 22.5 22. 6 2C.6 26.2 
Mean 19.9 21.6 22.2 20.3 26.4 
Percent moisture In 1965 
A 20.6 26.0 22.0 26.2 23.1 
3 20.1 25.3 20.0 24.2 21.2 
C 2C.5 25.7 21.6 25.3 22.9 
D 21.6 29.8 22.9 25.4 23.1 
Mean 20.7 26.7 21.6 25.3 22.6 
""able 79. Analysis of variance mean squ'^res for (Wf9 x B37)(0h43 x Bl4) 
grown at five locations lor two years 
Source d.f. Ute Hampton Ames Ankeny Grlnnell 
Yield (cwt./acre) in 1964 
Replications 1 52 .44 17 .42  2 .30  2 .81  9 .22  
Seed sources 4 18 . 26  29 .26  40.49 43.68 26.37 
Error 4 10 .09 13 .69  27 .34  36 .51  14 .73  
1 Yield (cwt./acre) in 1965 
Replications 1 20  .45 29 .93  8.65 111.56 2 .40  
Seed sources k 10 .25* 15 .01  63 .56  26 .08  8 .11  
Error k 1 .48 7.20 16.47 33 .01  10.03 
Percent moisture in 1964 
Replications 1 0 .44 0 .02  0 .00  0.23 2.03 
Seed sources 0 .  46 0 .90  0 .12  0.30 2 .50  
Error 4 0 .11 1 .68  0 .17  0.56 1 .43  
percent moisture in 1965 
Replications 1 1 . 22  4.49 6 .24  3 .97  0.00 
Seed sources 4 0 . 69  8 .14  1 .33  2.24 0.34 
Error 4 0 .17 2 .28  0.89 1 .88  0 .55  
•"Significant difference at the five percent level of probability„ 
^^Significant difference at the one percent level of probability. 
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-able 60. Yield snf. percent moisture me wis for sources of 
(Hf9 X 3v7)  T  ? ! ' ! ' ]  f fTom a t  fire locations 
in 911^ '-I 5 
Double-cross Ute Hampton Ames Ankeny Grinnell 
source 
Yield (cwt./acre) in 196k 
A 69.5 61.5 68.4 43.6 —^5.^ 
65.5 59.2 56.4 5n.n 58.4 
G 62.5 58.6 62.1 49.3 61.0 
D 65.3 c2.4 62.0 55.3 55.6 
3 69.5 52.6 65.6 54. 6 59.8 
K ean r. 6 .  5 53.9 62.9 50.7 60.1 
Yie l d (cwt . / acre )  in 19^5 
A fo .5  55 .9  71 .9  f 3 .8  68 .7  
p. fO.l 61.8 6;.6 65.2 
C 60 .4  52^  57 .2  67^  66 .6  
n 6n.? 56.7 59.5 64.7 63.5 
3  58 .0  57 .5  C3 .7  64 .5  
Hean 60.7 5(\6 62.8 66.3 65.7 
Percent moisture in 1964 
A 18.5 19.6 18.6 18.8 26.2 
B 17.4 19.2 18.6 18.0 23.5 
G 18.5 2^.7 18.5 18.7 25.1 
D 18.6 20.0 16.7 19.0 26.3 
S 18.3 20.7 19.1 18.8 25.2 
Mean 13.3 20.1 18.7 18.7 25.3 
Percent moisture In  1965 
A 17.3 26.3 18.2 24.0 20.3 
E 17.3 21.6 19.2 22.2 19.5 
C 18.7 24.1 20.0 21.9 20.6 
D 17.5 25.3 19.5 24.3 20.1 
E 17.8 26.5 •75 a 0 C J 0 y 23.4 19.9 
Mean 17.7 24.8 19.5 23.2 20.1 
'able Si . Analysis of variance mean squares for (Wf9 x Kl4)(B37 314) 
grown at five locations for two years 
Source d.f. Ute Hampton Ames Ankeny Grinnell 
Yield (cwt./acre) in 1964 
Replications 1 1.16 94 .25  0 .40  15 .63  6.08 
Seed sources 4 23 .45  13 .64  12 .17  15 .13  4 .86  
Error 4 5 .53  15 .56  9 .59  4.46 18.05 
Yield (cwt./acre) in . 1965 
Replications 1 18.50 0 .00  30.28 1.76 8.28 
Seed sources 4 6 .93  4.60 8.27 22.82 12 .33  
Error 4 6 .20  28 .89  2.44 18.04 10.04 
Percent moisture in 1964 
Replications 1 0 .20  0.23 0.26 0.90 1.23 
Seed sources 4 0 .98  1 .20*  1 .03  1 .22  4.27 
Error 4 0 .25  0.14 0.63 0 .99  0 .37  
Percent moisture in 1965 
Replications 1 0.22 1.68 0.40 0.68 0.40 
Seed sources 4 2 .10*  1 .95  0.29 7 .39*  0 .86  
Error 4 0 .25  1 .16  1.25 0.42 0 .16  
•^SigTiificant difference at the five percent level of probability. 
^^Significant difference at the one percent level of probability. 
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Table 82. Yield and percent moisture means for sources of 
(Wf9 z M14)(B37 X 314) gromi at five locations 
in 1964 and 1965 
















58 .8  
60.6 
5^ .3  
57.7 
60 .6  
58.6  
)b .2  
Yield (cwt./acre) in 1964 
6:  v . ; -
63 .6  
61.6 
67 .2  
67 .0  
63.7 
66 .5  
63 .^  
64.0 
6 0 .  r  
61 .6  
58.2  
62 .0  
57.0 
67.4 65.4 
Yield (cvrt./acre) in I965  
59.0 
56 .6  
57.0 
60 . ;  
69 .9  
68.5 
64.5 
66 .7  
67 .5  
63 .8  
60 .3  
66.6  
67 .2  
68 .9  
65 .4  66 .1  58 .9  
Percent moisture in 1964 
63.S 
62 .1  
63 .7  
6 .8 
0 ( 4 
63.0 
69 .4  
68.3 
63 .1  
6 8 . 2  
62 .7  
A 19.0 20.9 19.5 19.7 26 .7  
18.4 20.1 19.7 17.8 25.6 
C 18.1 20.0 18.3 19.1 23.0 
D 17.5 18.8 17.9 13.4 24.2 
E 18.3 19.4 18.6 18.1 24.1 
Mean 18.3 19.8 18.9 18 .6  24.7 
Percent moisture in 1965 
A 20.0 26 .9  19.6 24.1 21 .5  
B 19.1 25.3 19 .c  27 .2  20.0 
c 18.2 26 .2  19.5 22 .7  19.9 
D 17.4 24.6 19.0 23.5 20.7 
S 18,0 24.7 19.7 22 .5  20.1 
Mean 13.5 %5.5 19.4 24. 0 20.5 
0?a"bl e 33. Anal y si s of varian ce mean squares fo  r ( ^ f9 X  :  ::i 4 )(Ch43 :  r  CIO3)  
crown at five loca tions for • tvo years 
Souxoe d.f, Ut e Ilarap ton Ames Ankeny Grlnnell 
Yield (  C V î t ,  /acr e) in 1964 
Replications 1 91 2 .31 0. 00 14 .31  2 3  .81 
Seed sources 3 10. 68 78 .41 5 .  43 1 .42  J 3 .63 
Erro r 0 y 32. 03 3 3  .46 6. on 19 .28  .46 
Yield ( cwt. /acj '  e) in 1965  
Replications 1 9, 44 .18 1. 05 9 .03  21 .45 
Seed sources 0 59. 33 8 .95 10. 76 14 .96  25 . 98  
Erro r 3 29. 31 3 ,81 e .  73 10 .18  14 . 56  
Pereen t ifioi stux •e In 1964  
Replications 1 0.  02  0 .IS 0, 28 n. ' -n 4 .96 
Seed sources 3 0 .  92 1 
. " 5  1. A C J 6 .19"  1 . 1 5  
Erro r 3 0,  c3 n . 28  80 0 .66  .21 
Percent mol stux •e i l l  1965  
Replications 1 0. •^1 T: .00 32 1.71 r )  .00 
Seed sources 3 0.  80 3 .48 1. 22  4 .09  0 .04 
Error- 0. 46 2 .06 36 C.65 0 . 25  
-significant difference at the five percent level of probability. 
^"Significant difference at the one percent level of probability. 
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Table 84. Yield, and. percent moisture means for sources of 
(VJf9 X I'll4) (Oh43 y C103) crown at five locations 
in 19^4 and 19^5 
Eouble-cross Ute Hampton Ames Anlieny Grinnell 
source 




( " .9  
C4.8  
f v .6  
' "4 .  0  
f2 .<  
51 .0  
63 .9  
Co.n  
58 .6  
57 .9  
56 .0  
59 .7  




f3 .2  
57 .9  
60 .5  
I lean ^5 .6  c r ,4  58 .1  fc.l 62.3  









,  0 
>t 
. 
63 .5  
fc.l 
62. 9  
60.4 
60 ."  
r f . 4  
63 .6  
62 .5  
73 .2  
f4 .8  
f 'g .S  
71 .0  
Kean 56.7 c:o 
-
.  2 ' 3 .2  f : r .4  c9 .5  
Percent moisture in 1964 
A 19 ,9  20 .9  22.2 22.5 25.1  
18.6 19.5  20.8 18.5 24.2  
c  20 .C 21.2 22.5  20.9 24.?  
D 19 .1  20 .7  21 .9  19 .4  23 .3  
Kean 19.4  2  0 .  c  21.9 20.3 24 .4  
Percent moisture in 19^5 
A 20.6 28.4  21 .9  26 .0  22.1 
B 19.1 25.3  20 .4  23.6 22.4  
G 19.4  27 .2  20.1 22.8  22.1 






23.2  22.2 
i'i ean 19.7 26.8 20.7 23.9  22 .2  
i'able 85. Analysis of variance mean squares for (Wf9 y. î-îl^ ) (Oh43 ir 314) 
grown at five locations for two years 
Source d.f. Ute iiampton Ames Ankeny Grinnell 
Yield (cwt./acre) in 1964 
Replications 1 
Seed sources 4 
Error 4 
22. 
4 .38  
27.02 
42.44 
28 .45  
4 .92  
1 3 . 0 0  
26 .14  
21.98 
o.no  
8 . 2 8  
15 .02  
5 .48  
36 .24  
22 .54  
Yield (cvt./acre) in 19^5 
Replications 1 
Seed sources 4 
Er ro r 4 
3 .48  





1 . 1 6  
25 .95  
21 .41  
0.96 
224.18 
39 .69  
10 .82  
25 .09  
10 .65  
Percent moisture in 1964 
Replications 1 
Seed sources 4 
Srro r 4 
o .on  
1 .034  
0 .15  
0.05 
r .90  
1.05 
2.81  
0 .12  
0 .2n  
0.00 
2 .19<  
0.27 
0 .1  <7 
7 . 52%^ 
.  47  
Percent moisture in 1965 
Replications 1 
Seed sources 4 
Erro r 4 
4 .36  








1 .44  
2.62 
4 .1^  
00  
/ rv 1 .67  
0.08 
^^8iA:nificant difference at the five percent level of probability. 
'^•Significant difference at the one percent level of probability. 
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Table 86. Yield and oercent moisture means for sources of 
(Yfg V Ml4)(0h43 X Bl4) frown at five locations 
in and 19^5 
Double-cross Ute Hampton Ames Ankeny Grinnell 
source 
Yield (cwt./ 'acre) in 1964 
A 67 .0  66 .6  63 .7  57 .2  65 .5  
C (: . 2 62.8 65.1 60.0 61.5 
C 63 ! l  59 .1  60.8 58 .8  53 .8  
D 64 .8  59 .6  f 5 .3  56.1 60.5 
S  65 .4  67.] 70.7 61.2 58.8 
Mean 65 .?  63 .1  65.2 58 .7  60.1 
Yield (cwt./acre) in 1965  
A 62.2 49 .5  62.7 63 .2  62 .3  
59 .6  55 .7  66 .  r  65.1 63.6 
C 61.0 52 .0  58 .8  52 .7  66.7 
D 61.2 53 .7  58 .4  44 .7  58 .1  
S . 6 52.8 64 .7  41 .6  66.5 
Mean 6^ .9  52.8 62.3 53 .5  63 .5  
Percent moisture in 1964  
A 18 .9  20 .6  18 .7  20 .6  25 .9  
B 17.6 19 .5  18 .3  19.1 21 .1  
C 18 .7  21.0 18.1 17 .9  24.5 
D 17 .8  20 .3  18 .4  118.5 23.1 
S  19 .3  21 .2  18.6 18 .5  25 .4  
Mean 18 .5  20.5 18 .4  18 .9  24 .0  
Percent moisture in  1965 
A 19.8 27 .7  19 .4  24 .2  20 .7  
3 17 .2  25 .4  18 .1  21 .4  18 .8  
C 17 .9  26 .3  18 .6  23 .5  20.3 
D 17.6 2f.n 18 .4  23 .9  20.1 
S  18 .7  28 .3  19.8 23 .9  21 .3  
Mean 18 .3  26.7 18 .9  23 .4  20 .3  
Table 87. Analysis of variance mean squares for (Mf9 x Ml4)(El4 x CI03) 
grown at five locations for two years 
Source d.f, Ute  Hamoton iimes Ankeny Grinnell 
Replications 
Seed sources 










]4 .8P  
5 .87  
in .87  
2 .^0  
52 .94  
in. <3 
Yield ( cwt./acre) in 19'<4 
1 .7 t  
35 .08  
2 f  35 
1.23 
12.16 
23 .9 f  
2 .81  
2.62 
13 .42  
field (cwt./acre) in 1965 
1 .15  
1 9 . 0 7  
f.91 
1  .le 
22.30 
1 .  (:  2  
97 .34  
52 .94  
i r \70  
4 .90  
58.22 
14 .98  
11 .24  
in.15 








4 .  
4 
1 
4 .  
4 
0 .44  
0 .85*  
n .07  
C .58  
0 .19  
n.32 
Percent moisture in 19' 4' 
8 . 1 0  0 .36  
^ .69  
0.8n 
10  
1 .83 1 .96<  
^ .55  o . i o  
Percent moisture in 1965 
C.32  
1 .01 
3 .33  




7 . 3 7  
5 .99  
3 .14  
0.27 
C.14  
1 .5^  
2 . o f  
0 .55  
"Significant difference at the five percent level of probability. 
•"•"•Significant difference at the one percent level of probability. 
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Table 8C, Ylell and percent 
('Vf9 r K14)(?14 T 
in 1964 and 
moisture means for sources of 
C:i."j) c-rovm at rive locations 
Double-cross 
source 










Yield (cwt. 'acre) in 1964 
69.8 
( 5 . 7  
67 .5  
65.6 
f f . 8  
64 .4  
5 f . 5  
t5 .9  
60.2 
6f .2  
59 .2  
58 .1  
f^ .9  
55 .0  
53 .3  
58.8 
59 .1  
5 f . 3  
58 .4  
57 .3  
72 .6  
58 .8  
61 .7  
68 .1  
66 .3  
'  '  7 . 1  r2 .7  5 c . ?  58 ."  65 .5  
Yield (cwt. acre) In 19^5 
61.k 
57 . '  
52 .9  
49 .7  
56.2 
59 .  "  
C'-r . r  
53.3 
54.7 
53 ."  
(f.l 
f3 .5  
56 .9  
62 .0  
67 .3  
54 .7  
5? .5  
61 .9  
65^7 
66 .6  




65 .3  







20.  2  
18 .9  
18 .5  
19 .5  
19 .4  
19 . ;  
Percent moisture in 19( 4 
20 .5  
20 .5  
2 1 . 1  
19 .9  
21 .4  
2 0 . 7  
Percent moisture in 19^5 
21.1 21.1 25.8 
20 .5  19 .1  25 .7  
22.0 20.1 24 .9  
19 .4  19 .3  25 .5  
21 .0  21 .2  25 .3  
2^ .8  2r .2  25 .5  
A 19 .9  28 .4  21 .5  29 .1  22.7 
19 .9  28 .8  19 .9  27 .2  22 .4  
C 19 .2  27 .2  21 .3  25.0 21 .6  
D 19 .8  29 .0  20 . 4  27.2 21 .3  
E  19.8 26 .8  20.0 24 .4  23 .9  
Mean 19 .7  28.5 20.6 26.6 22 .4  
89. Analysis of variance mean squares for (WfÇ % Ch43)(2l^l- r B37) 
grown at five locations for two years 













0 . 1 ' ;  
22 .39  
13 .96  
13 .69  
2 .31  
3 .47  
Yield (cwt./acre) in 1964 
32 .76  
47 .98  
51 .5^  
l '1 .2r ,  
33 .75  
11.76 
3 .84  
18 .05  
6.89 
22.63 
13 .44  63 .47  
Yield (cwt./acre) in 1965 
0 .58  
2 .56  




33. 68  
42 .24  
19 .04  
12 .77  
28 .19  
8 .42  













0 .04  
1 .05  
0 .52  
0.48 
0.65 
0 . 1 8  
0.53 2.12 1 .52  0 . 0 1  
1.18 3 .44  n .52  2 .44  
0.27 0 .93  0 .33  0 .55  
Percent moisture in 1965  
0.01 0.36 '"\12 0.01 
7 .33  2 .74  C .52  1.05 
6.12 0.76 0 .37  1. 94  
^Significant difference at the five percent level of probability. 
*xsipnificant difference at the one percent level of probability. 
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Table 9". Yiel^ and percent moisture means for sources of 
(w'f9 )' Oh4; ) ( Bl'l ): 3"7) frovra at five locations 
in 19c4 an^ 
Double-cross Ute Hampton Ames Ankeny Grinnell 
source 
Yield (cwt./acre) in 1964 
A 72.0 69.0 63.5 6n.8 58.6 
D 63.0 58.2 61.7 64.0 67.1 
c 65.3 59.1 55.8 59.6 56.1 
D 64.; 56.5 60.2 58.4 60.5 
S 67.7 61.5 62.4 54.8 65.3 
Mean 6'L .  c 6^.9 6n.7 59.5 61.6 
Yield ( cwt. / 'acre ) in 1965 
A 61.2 61.7 69.9 60.1 73.2 
61.8 56.4 r 7 .  64.0 66.8 
C 61.0 56.3 67.8 59.8 62.8 
D 63.7 56.1 69.1 59.6 67.5 
E 61.5 50.1 68.4 66.3 68.9 
Mean 61.9 5^.1 68.5 62.0 67.9 
Percent moisture in 1964 
A 17.7 18.5 19.4 18.4 25.5 
B 17.4 19.9 18.6 18.9 23.8 
C 19.; 20.1 20.9 19.6 24.6 
D 18.1 20.5 20.9 19.6 25.5 
S 18.0 20.0 21.8 19. ' 26.8 
Mean 18.1 19.8 20.3 19.1 25.3 
Percent moisture In 1965 
A 18.4 24.8 18.8 24.9 21.0 
B 17.5 27.2 17.9 24.7 20.^ 
C 18.4 25.8 19.1 25.1 21.7 
D 18. < 26.3 19.0 25.7 21.; 
E 19.1 29.8 21.1 25.9 21.7 
Mean 18.4 26.8 19.2 25.3 21.2 
ible 91. Analysis of variance mean squares for (lvf9 % Ch^+3)(3l4 % CI 03 ) 
















25 .^0  
84 .26  
14 .29  
1 .85  
17 .61  
6 .91  
liam'oton Ames Ankeny 
Yield (cwt./acre) in 1964 
17 .69  
94 .67  
15 .85  
91 .20  
57 .91  
9 .11  
41 .62  
4 .50  
15 .40  
Yield ( ort./acre ) in 1965 
5 .78  
12.98 
2.67 
3^ .62  
24.98 
14 .86  
40.40 
18.45 
14 .93  
Grinnell 
69 .70  
39 .73  
16 .64  
0.04 
3 .52  
9 .31  















.  43  
7 .  i i o  
1 . 45  
1 .90  
o.on  
1 .97**  
0 .10  
1 .30  
3 .37  
0.74 
0.90 
0 .19  
0.17 
Percent moisture in 1965 
1 . 0 2  
5 .04  
3 .58  
2 .^2  
1 .23  
0 .72  
1 .52  
10.68< 
- . 58  
0.62 
1 .48  
0 .82  
0 .53  
o. 46 
0.31 
^Significant difference at the five percent level of probability. 
-:.--;;-Sic nificant difference at the one percent level of probability. 
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'-able 9/. Yield and oercent moisture means for sources of 
(Wf9 y Gh4r)(3l4 x CIO;) prow at five locations 
in 196^ and 19^5 























70 .2  
6 3 . 8  
65 .2  
67 .9  
53 .4  
64 .1  
57 .8  
59 .1  
51.6 
53 .7  
55 .9  
55 .7  
19 .1  
19 .5  
2 0 . 6  
20 .7  
20 .4  
2 0 . 1  
19 .1  
39 . ; '  
20 .4  
18 .5  
20.5 
19 .6  
Yield ( cwt . / acre )  in  1964  
65 .6  59 .7  58 .6  64 .9  
54 .5  57 ."  57 .8  
61 .5  56 .1  54 .9  61 .5  
58 .1  56 .4  57 .8  57 .7  
47 .3  45 .4  58 .4  53 .0  
58 .7  54 .5  57 .3  59 .0  
Yield ( cwt./'acre) in  1965  
53 .3  70 .8  66.5 63 .5  
47.6 72 .1  64 .1  61.7 
43 .9  69 .7  59 .8  60.9 
45 .9  65 .4  62.0 60.8 
4c ,  3  68 .5  59 .1  63 .4  
47 .4  69 .3  o2 .3  62.1 
percent moisture in 1964 
19 .7  19.6 19 .6  24 .8  
20 .1  19 .4  19.2 26.3 
21 .8  19 .9  19 .3  27.2 
20 .0  20 .0  19 .9  25 .9  
21 .6  22 .6  19.8 26.0 
20 .6  20 .3  19.6 26.1 
Percent moisture in I965 
27.b 
31 .2  
29 .0  
23 .9  
31 .2  
29 .6  
19 .1  
19 .4  
2C.7  
20.8 
19 .5  
19 .9  
24.9 
24 .9  
26.4 
27 .5  
30 .5  
26. / 
21 .8  
22 .3  
21 .9  
23 .0  
22 .5  
22 .3  
